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NOT I C E  

The information i n  t h i s  document has  been funded, wholly 
or i n  p a r t ,  by t h e  l h i t e d  S t a t e s  Environmental P r o t e c t i o n  
Agency under Contract No. 68-03-3113 t o  JRB Assoc ia t e s .  
It has  been s u b j e c t  t o  t h e  Agency's peer and adminis t ra-  
t i v e  review and has  been approved f o r  p u b l i c a t i o n  a s  an 
EPA document. 

This  handbook i s  intended to  p re sen t  guidance on t h e  
conduct of  remedial  i n v e s t i g a t i o n s  t o  o b t a i n  d a t a  t o  
e v a l u a t e  and s e l e c t  measures t o  c o n t r o l  s p e c i f i c  problems 
caused by uncon t ro l l ed  hazardous waste s i tes .  
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FOREWORD 

Under t h e  a u t h o r i t i e s  of t h e  Comprehensive Environmental Response, 
Compensation and L i a b i l i t y  A c t  of 1980 (CERCLA), t h e  O f f i c e  of Emergency 
and Remdial Response and t h e  Of f i ce  of Waste Programs Enforcement are 
r e spons ib l e  f o r  ove r see ing  t h e  development and implementation of t he  
Government's program f o r  response t o  uncon t ro l l ed  releases of hazardous 
substances.  These responses  ensure t h a t  t h r e a t s  t o  p u b l i c  h e a l t h ,  we l f a re ,  
o r  the environment are a p p r o p r i a t e l y  addressed through the e f f e c t i v e  
management of CERCLA's enforcement and funding a u t h o r i t i e s .  The Hazardous 
Waste Engineering Laboratory develops new and improved t echno log ie s  and 
systems t o  p reven t ,  t r ea t ,  and manage hazardous waste p o l l u t a n t  d i scha rges  
t o  minimize t h e  adverse economic, s o c i a l ,  h e a l t h ,  and a e s t h e t i c  e f f e c t s  of 
p o l l u t i o n .  

This document i s  a coope ra t ive  e f f o r t  between t h e  Of f i ce  of So l id  
Waste and Emergency Response and t h e  Of f i ce  of Research and Development. 
It is one of a series of r e p o r t s  being publ ished t o  implement CERCLA, 
o the rwise  known as Superfund. These r e p o r t s  provide a n  a r r a y  of i n fo rma t ion  
necessary € o r  compilance wi th  t h e  Nat ional  Contingency Plan (NCP, 47 FR 
31180, J u l y  16, 1982), i nc lud ing :  guidance f o r  remedial  i n v e s t i g a t i o n  and 
f e a s i b i l i t y  s t u d i e s ,  guidance f o r  exposure assessments ,  a n a l y t i c a l  and 
eng inee r ing  methods and procedures ,  r e sea rch  r e p o r t s ,  t e c h n i c a l  manuals, 
t o x i c o l o g i c a l  and eng inee r ing  d a t a  bases ,  and o t h e r  r e f e r e n c e  documents 
p e r t i n e n t  t o  Superfund . 

This  guidance document provides  guidance on t h e  conduct of remedial  
i n v e s t i g a t i o n s  i n  support  of f e a s i b i l i t y  s t u d i e s  under Superfund and t h e  
Nat ional  Contingency Plan. It d e s c r i b e s  the  requirements  which need t o  be 
m e t  t o  o b t a i n  v a l i d  d a t a  which are necessary and s u f f i c i e n t  t o  determine 
what response a c t i o n s ,  i f  any, can be cons ide red ,  e v a l u a t e d ,  and a p p l i e d  t o  
m i t i g a t e  impacts o n  p u b l i c  h e a l t h ,  w e l f a r e ,  and t h e  environment posed by 
t h e  s i t e .  This document d e s c r i b e s  t h e  e s s e n t a i l  s t e p s  i n  t h e  remedial  
i n v e s t i g a t i o n  process  and i d e n t i f i e s  important f a c t o r s ,  i n fo rma t ion ,  and 
a n a l y s i s  needs t o  scope t h e  i n v e s t i g a t i o n ;  p repa re  a l l  necessa ry  p l ans  
( h e a l t h  and s a f e t y ,  sampling, d a t a  management); conduct t h e  s i te  assessment;  
and e v a l u a t e  and p r e s e n t  r e s u l t s .  The guidance document provides  government 
and p r i v a t e  personnel  with t h e  means t o  p l an ,  p repa re ,  conduct,  and conclude 
remedial  i n v e s t i g a t i o n s  c o n s i s t e n t  with hazardous waste s i t e  clean-up 
l e g i s l a t i o n  and s i t e - s p e c i f i c  requirements.  

iii 



ABSTRACT 

This guidance document is  intended t o  provide a more d e t a i l e d  s t r u c t u r e  
f o r  f i e l d  s t u d i e s  involving d a t a  c o l l e c t i o n  f o r  remedial  d e c i s i o n s  under the  
Canprehensive Environmental Response, Compensation, and L i a b i l i t y  Act ( CERCLA) 
and t h e  Nat ional  Contingency Plan (40 CFR 300). 

The remedial  i n v e s t i g a t i o n  emphasizes d a t a  c o l l e c t i o n  and s i t e  char-  
a c t e r i z a t i o n  and i s  conducted concur ren t ly  with the  f e a s i b i l i t y  s tudy.  The 
remedial  i n v e s t i g a t i o n  a l s o  suppor t s  remedial  a l t e r n a t i v e  e v a l u a t i o n  and 
des ign  through bench and p i l o t  s t u d i e s .  

The i n i t i a l  a c t i v i t y  i n  t h e  remedial  i n v e s t i g a t i o n  i s  the  scoping pro- 
c e s s .  
d a t a ,  i d e n t i f i c a t i o n  of remedial  i n v e s t i g a t i o n  o b j e c t i v e s ,  and t h e  i d e n t i -  
f i c a t i o n  of gene ra l  response a c t i o n s  f o r  t he  f e a s i b i l i t y  s tudy.  The e f f o r t  
a l s o  i d e n t i f i e s  p re l imina ry  p l ans ,  and, i n v e s t i g a t i o n  t a s k s  a r e  i d e n t i f i e d .  

The scoping e f f o r t  i nc ludes  t h e  c o l l e c t i o n  and e v a l u a t i o n  of  e x i s t i n g  

A v a r i e t y  of a c ' t i v i t i e s  suppor t ing  t h e  remedial  i n v e s t i g a t i o n  may r e q u i r e  
t h e  p r e p a r a t i o n  of s p e c i f i c  plans o r  implementation of s p e c i f i c  procedures .  
These inc lude  preparing a sampling p l an ;  i d e n t i f y i n g  d a t a  management pro- 
cedures ;  planning f o r  h e a l t h  and s a f e t y  needs; and i d e n t i f y i n g  and reviewing 
i n s t i t u t i o n a l  i s s u e s  a r i s i n g  from F e d e r a l ,  S t a t e ,  and' l o c a l  r e g u l a t i o n s ,  
p o l i c i e s ,  and g u i d e l i n e s .  

The s i t e  c h a r a c t e r i z a t i o n  process  i s  t h e  foca l  point  of t he  remedial  
i n v e s t i g a t i o n  and involves  t h e  c o l l e c t i o n  and a n a l y s i s  of t h e  d a t a  needed f o r  
t h e  v a r i o u s  types  of assessments t h a t  a r e  p a r t  of t he  i n v e s t i g a t i o n .  Because 
s i t e  d a t a  and understanding v a r y ,  a m u l t i l e v e l  approach t o  d a t a  c o l l e c t i o n  is 
recommended: Level I ,  problem i d e n t i f i c , a t i o n  and scoping; Level 11, problem 
q u a n t i f i c a t i o n ;  and Level 111, problem q u a n t i f i c a t i o n  and d e t a i l e d  i n v e s t i g a -  
t i o n .  The focus,  d a t a  needs,  and d a t a  e v a l u a t i o n s  conducted a t  each l e v e l  of 
t h e  i n v e s t i g a t i o n  are desc r ibed  f o r  each type  of  assessment.  

Bench- and p i l o t - s c a l e  s t u d i e s  may be needed i n  t h e  remedial  i nves t iga -  
t i o n  t o  o b t a i n  enough d a t a  t o  s e l e c t  a remedial  a l t e r n a t i v e .  The scope o f  
t h e s e  bench and p i l o t  s t u d i e s  addres s  waste t r e a t a b i l i t y ,  scale-up of 
i nnova t ive  t echno log ie s ,  technology a p p l i c a t i o n  i s s u e s ,  and e v a l u a t i o n  of  
s p e c i f i c  a1 t e r n a t i v e s .  

A recommended format f o r  t h e  Remedial I n v e s t i g a t i o n  Report i s  a l s o  
provided. 
f o r  t h e i r  i n c l u s i o n s ,  t h e  l e v e l  of d e t a i l ,  and t h e  documentation t h a t  should 
accanpany the  r e p o r t .  

It d e s c r i b e s  the  s p e c i f i c  elements t o  be included,  the r a t i o n a l e  

i v  
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CHAPTER 1 

INTRODUCTION 

The Comprehensive Environmental Response , Compensation, and L i a b i l i t y  Act 
of 1980 (CERCLA) not only e s t a b l i s h e d  a Fund (cornonly known as Superfund) f o r  
f inanc ing  t h e  cleanup of uncontrol led hazardous waste s i t e s ,  i t  a l s o  r equ i r ed  
t h a t  procedures be e s t a b l i s h e d  t o  e v a l u a t e  remedies,  t o  determine the appro- 
p r i a t e  e x t e n t  of t h e  remedy, and t o  ensure t h a t  remedial  measures a r e  cos t -  
e f f e c t i v e .  Such remedial  measures m u s t ,  t o  t he  e x t e n t  p r a c t i c a b l e ,  be i n  
accord with t h e  Nat ional  Contingency Plan (NCP). For Superfund-financed 
s i t e s ,  t h e  need t o  p r o t e c t  pub l i c  h e a l t h ,  w e l f a r e ,  and the  environment at  a 
s p e c i f i c  s i t e  must be weighed a g a i n s t  t h e  a b i l i t y  of t h e  Fund t o  f inance  
remedial  a c t i o n  a t  o t h e r  s i tes  posing o t h e r  t h r e a t s  t o  pub l i c  h e a l t h ,  w e l f a r e ,  
o r  t h e  environment. 

The U.S. Environmental P ro tec t ion -  Agency (EPA) has  t h e  a u t h o r i t y  and 
r e s p o n s i b i l i t y  f o r  c a r r y i n g  o u t  t hese  p rov i s ions  under CERCLA. The p lan  f o r  
enac t ing  these  p rov i s ions  appears i n  t h e  r e v i s e d  Nat ional  Contingency P lan  
(47 FR 31180, J u l y  16, 1982; 40 CFR 300) as  Subpart F (40 CFR 300.61-300.71). 
The NCP d e s c r i b e s  the  e v a l u a t i o n  and s e l e c t i o n  of  remedial  a c t i o n s .  

Within the  framework of  the NCP, t h i s  guidance document provides Regional 
P r o j e c t  O f f i c e r s  with a more d e t a i l e d  s t r u c t u r e  f o r  f i e l d  s t u d i e s  invo lv ing  
d a t a  c o l l e c t i o n  f o r  remediat ion d e c i s i o n s .  A t  Superfund s i t e s  where enforce- 
ment a c t i o n s  a r e  t aken ,  o r  where claims a g a i n s t  t h e  fund a r e  made, remedies 
c o n s i s t e n t  with the  NCP must be found. The re fo re ,  t h i s  guidance should a l s o  
be used i n  conducting i n v e s t i g a t i o n s  suppor t ing  enforcement and l i t i g a t i o n .  
P r i v a t e  p a r t i e s  involved i n  hazardous waste management may a l s o  f ind  t h i s  
document h e l p f u l .  

1.1 OVERVIEW OF THE REMEDIAL INVESTIGATION PROCESS 

The remedial  i n v e s t i g a t i o n  emphasizes d a t a  c o l l e c t i o n  and s i t e  charac-  
t e r i z a t i o n .  Conducted concur ren t ly  with t h e  f e a s i b i l i t y  s tudy ,  t h e  remedial  
i n v e s t i g a t i o n  i s  t h e  d a t a  c o l l e c t i o n  mechanism f o r  t h e  f e a s i b i l i t y  s tudy  
e f f o r t ;  t h i s  r e l a t i o n s h i p  is  discussed f u r t h e r  a t  t h e  end of t h i s  c h a p t e r .  
The remedial  i n v e s t i g a t i o n  a l s o  supports  remedial  a l t e r n a t i v e s  e v a l u a t i o n  
through bench and p i l o t  s t u d i e s .  Figure 1-1 i l l u s t r a t e s  t h e  remedial  i nves t -  
i g a t i o n  process  and keys c h a p t e r s  w i t h i n  t h i s  document t o  t h e  pa r t s  of  t h e  
remedial  i n v e s t i g a t i o n .  

1-1 
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The i n i t i a l  a c t i v i t y  i n  the  remedial  i n v e s t i g a t i o n  i s  t h e  scoping pro-- 
c e s s .  The scoping e f f o r t  includes the  c o l l e c t i o n  and e v a l u a t i o n  of  e x i s t i n g  
d a t a ,  i d e n t i f i c a t i o n  of remedial i n v e s t i g a t i o n  o b j e c t i v e s ,  and the  i d e n t i -  
f i c a t i o n  of gene ra l  response a c t i o n s  f o r  t h e  f e a s i b i l i t y  s tudy .  Data needs,  
prel iminary p l a n s ,  and i n v e s t i g a t i o n  t a s k s  a r e  i d e n t i f i e d .  The i n v e s t i g a t i o n  
scoping process  may r ecu r  o r  be modified a s  more d a t a  a r e  c o l l e c t e d  and s i t e  
c h a r a c t e r i z a t i o n  becomes more complete. D e t a i l s  of t he  scoping process  a r e  
addressed i n  c h a p t e r  2 .  

The scoping process  is  c r i t i c a l  t o  t h e  development of a sampling p l an  
and subsequent remedial  i n v e s t i g a t i o n .  Chapter 3 provides  d e t a i l e d  guidance 
on developing t h i s  plan and on the  r equ i r ed  l e v e l  of e f f o r t .  This sampling 
plan d e s c r i b e s  t h e  sampling s t u d i e s  t o  be conducted, i nc lud ing  sample t y p e s ,  
ana lyses ,  and sampling l o c a t i o n s  and frequency. Planning needs such a s  sam- 
p l i n g  o p e r a t i o n a l  p l a n s ,  m a t e r i a l s ,  record-keeping, sampling team personnel 
needs,  and sampling procedures a r e  a l s o  developed o r  i d e n t i f i e d  f o r  t h e  
inv e s t i g a t  ion . 

Associated with t h e  scoping and sampling plan e f f o r t s  a r e  a v a r i e t y  of 
support  a c t i v i t i e s  t h a t  may r e q u i r e  the  p r e p a r a t i o n  of s p e c i f i c  plans o r  
implementation of s p e c i f i c  procedures t o  supplement t h e  remedial  i n v e s t i g a -  
t i o n  and documentation of d a t a .  Discussions of t hese  a c t i v i t i e s  appear i n  
chap te r  4 ,  which addresses  d a t a  management procedures ,  i nc lud ing  q u a l i t y  
a s s u r a n c e / q u a l i t y  c o n t r o l  programs; c h a p t e r  5 ,  which summarizes h e a l t h  and 
s a f e t y  planning requirements ,  including development of an o v e r a l l  h e a l t h  and 
s a f e t y  program and a s i t e - s p e c i f i c  h e a l t h  and s a f e t y  p l an ;  and chap te r  6 ,  
which reviews i n s t i t u t i o n a l  i s s u e s  a r i s i n g  from Federal  , S t a t e ,  and l o c a l  
r e g u l a t i o n s ,  p o l i c i e s ,  and g u i d e l i n e s  t h a t  may a f f e c t  t he  i n v e s t i g a t i o n .  

The s i t e  c h a r a c t e r i z a t i o n  p rocess ,  t h e  foca l  po in t  of t he  remedial  
i n v e s t i g a t i o n ,  is  desc r ibed  i n  chap te r  7. S i t e  c h a r a c t e r i z a t i o n  involves  t h e  
c o l l e c t i o n  and a n a l y s i s  of t h e  d a t a  needed f o r  t h e  v a r i o u s  types of  a s ses s -  
ments t h a t  are p a r t  of t h e  i n v e s t i g a t i o n .  This chap te r  a l s o  d e s c r i b e s  t h e  
focus,  d a t a  needs,  and d a t a  e v a l u a t i o n s  conducted a t  each l e v e l  of t h e  
i n v e s t i g a t i o n  f o r  each type of  assessment ,  

Because s i t e  d a t a  and understanding v a r y ,  a m u l t i l e v e l  approach t o  d a t a  
c o l l e c t i o n  is recomended.  Each l e v e l  d i f f e r s  i n  the  scope of t he  a c t i v i t i e s .  
The t h r e e  l e v e l s  of d a t a  c o l l e c t i o n  and s i t e  c h a r a c t e r i z a t i o n  e f f o r t s  are:  

0 Level I - Problem I d e n t i f i c a t i o n  and Scoping. E x i s t i n g  s i t e  informa- 
t i o n  i s  c o l l e c t e d  and evaluated t o  d e f i n e  the  problem(s) a t  t he  s i t e ,  
publ ic  and environmental t h r e a t s ,  and s i t e  f e a t u r e s  c o n t r i b u t i n g  t o  
t h e  problem(s1. This assessment i s  conducted f o r  a l l  s i t e s  and 
provides  the  b a s i s  f o r  iamediate  m i t i g a t i o n  a c t i o n s  f o r  d e f i n i n g  
i n v e s t i g a t i o n  needs i n  l e v e l s  I1 and 111. The d a t a  c o l l e c t e d  a t  t h i s  
l e v e l  are a l s o  used i n  i d e n t i f y i n g  and analyzing remedial  technolo- 
g i e s .  

0 Level I1 - Problem Q u a n t i f i c a t i o n .  S p e c i f i c  s i t e  d a t a  a r e  c o l l e c t e d  
through sampling and f i e l d  s t u d i e s  t o  c h a r a c t e r i z e  s i t e  problems and 

1-3 



t h e i r  dimensions more f u l l y .  S u f f i c i e n t  d a t a  should be c o l l e c t e d  t o  
i d e n t i f y  contaminants of  concern,  t o  v e r i f y  a c t u a l  exposure pathways, 
and, i n  g e n e r a l ,  t o  c h a r a c t e r i z e  the s i t e  w e l l  enough t o  s u p p o r t ,  a t  a 
minimum, the sc reen ing  of  remedial  technologies  and a l t e r n a t i v e s .  

0 Level I11 - Problem Q u a n t i f i c a t i o n  and D e t a i l e d  I n v e s t i g a t i o n .  I f  
l e v e l  I1 d a t a  a r e  i n s u f f i c i e n t ,  a d d i t i o n a l  d a t a  a r e  c o l l e c t e d  f o r  u s e  
i n  d e t a i l e d  a n a l y s i s  of remedial  a l t e r n a t i v e s  o r  i n  the s e l e c t i o n  of  a 
co s t - e f f ec t i v e  a1 t e r n a  t ive  . 

The remedial  i n v e s t i g a t i o n  does not r e q u i r e  t h a t  a l l  t h r e e  l e v e l s  be 
c a n p l e t e d ;  the process  may t e rmina te  a t  any l e v e l  provided t h a t  s u f f i c i e n t  
d a t a  have been ob ta ined .  For some s i t e s ,  a l e v e l  I s tudy  may f u r n i s h  enough 
d a t a  f o r  response d e c i s i o n s ,  p a r t i c u l a r l y  i f  a s i t e  has been wel l -s tudied o r  
t h e  need f o r  an immediate response is obvious.  The i n v e s t i g a t i o n  may end a t  
l e v e l  I1 i f  c h a r a c t e r i z a t i o n  d a t a  a r e  s u f f i c i e n t  t o  permit t he  s e l e c t i o n  of a 
response.  A l t e r n a t i v e l y ,  where l e v e l  I ana lyses  a r e  s u f f i c i e n t  t o  support  
f e a s i b i l i t y  s tudy d e c i s i o n s  and a l e v e l  11 e f f o r t  i s  not necessary,  a l e v e l  
111 s t u d y  involving bench o r  p i l o t  t e s t i n g  may be needed t o  s e l e c t  between 
a l t e r n a t i v e s  o r  f i n a l i z e  a des ign .  Thus, t he  inves t i -ga t ion  needs v a r y  from 
s i t e  t o  s i t e ,  and the l e v e l s  of t he  remedial  i n v e s t i g a t i o n  must be a p p r o p r i a t e  
t o  these  needs. 

Bench- o r  p i l o t - s c a l e  s t u d i e s  may be needed i n  t h e  remedial  i n v e s t i g a t i o n  
t o  o b t a i n  enough d a t a  t o  s e l e c t  a remedial  a l t e r n a t i v e .  The scope of  bench 
and p i l o t  s t u d i e s  i n  the  remedial  i n v e s t i g a t i o n  s p e c i f i c a l l y  address  waste 
t r e a t a b i l i t y ,  scale-up of  i nnova t ive  t echno log ie s ,  technology a p p l i c a t i o n  
i ssues ,  and e v a l u a t i o n  of s p e c i f i c  a l t e r n a t i v e s .  Bench and p i l o t  s t u d i e s  may 
a l s o  be conducted d u r i n g  remedial  a l t e r n a t i v e  design o r  c o n s t r u c t i o n  t o  more 
f u l l y  e v a l u a t e  s p e c i f i c  requirements  of the s e l e c t e d  a l t e r n a t i v e ,  however, 
t h e s e  s t u d i e s  a r e  o u t s i d e  t h e  remedial  i n v e s t i g a t i o n  and f e a s i b i l i t y  s tudy 
p rocess .  In  g e n e r a l ,  bench-scale s t u d i e s  a r e  a p p r o p r i a t e  f o r  t h e  remedial  
i n v e s t i g a t i o n  s t a g e  while  p i l o t - s c a l e  s t u d i e s ,  i f  r e q u i r e d ,  may be conducted 
du r ing  t h e  f i n a l  des ign .  Chapter 8 d e s c r i b e s  the  a n a l y s i s  of t h e  need f o r  
bench and p i l o t  s t u d i e s  i n  t h e  remedial  i n v e s t i g a t i o n ,  the requirements  of  
t h e s e  s t u d i e s ,  and d a t a  a n a l y s i s  procedures .  

Chapter 9 d i s c u s s e s  the  reconmended format f o r  t he  Remedial I n v e s t i g a t i o n  
Report .  It d e s c r i b e s  the  s p e c i f i c  elements t o  be included,  t h e  r a t i o n a l e  f o r  
t h e i r  i n c l u s i o n ,  t he  l e v e l  of d e t a i l ,  and t h e  documentation t h a t  should 
accompany the  r e p o r t .  

Before tu rn ing  t o  the  d e t a i l s  of t he  remedial  i n v e s t i g a t i o n  p rocess ,  
s e v e r a l  uverall p o i n t s  should be emphasized : 

1. The remedial  i n v e s t i g a t i o n  is the  d a t a  c o l l e c t i o n  a c t i v i t y  f o r  t h e  
f e a s i b i l i t y  s tudy ;  through bench and p i l o t  s t u d i e s ,  it suppor t s  t h e  
remedial  a l t e r n a t i v e  des ign  e f f o r t  as w e l l .  
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2 .  The remedial  i n v e s t i g a t i o n s  must be conducted c o n s i s t e n t l y  with the  
process  set f o r t h  i n  the Nat ional  Contingency Plan.  

3 .  Data needs d i f f e r  between enforcement-lead, fund-lead , and p r i v a t e  
party-lead remedia'l i n v e s t i g a t i o n s .  
be t a i l o r e d  t o  meet s p e c i f i c  i n v e s t i g a t i o n  needs and o b j e c t i v e s ,  
i nc lud ing  d a t a  q u a l i t y  and s u f f i c i e n c y .  

The d a t a  c o l l e c t i o n  process  m u s t  

4 .  A l l  support ing f i l e s  and support ing documentation must be c o l l e c t e d  
and r e t a i n e d .  

1.2 RELATIONSHIP BETWEEN THE REMEDIAL INVESTIGATION AND THE FEASIBILITY STUDY 

The use r  should a l s o  recognize t h a t  t he  remedial  i n v e s t i g a t i o n  and t h e  
f e a s i b i l i t y  s tudy a r e  in t e rdependen t .  The a c t i v i t i e s  comprising t h e s e  two 
p r o j e c t s  a r e  g e n e r a l l y  performed concur ren t ly  r a t h e r  than s e q u e n t i a l l y .  The 
remedial  i n v e s t i g a t i o n  emphasizes d a t a  c o l l e c t i o n  and s i t e  c h a r a c t e r i z a t i o n ,  
whereas t h e  f e a s i b i l i t y  study emphasizes d a t a  a n a l y s i s  and decisionmaking. 

Figure 1-2 d e p i c t s  the concurrent  a c t i v i t i e s  a s s o c i a t e d  with the  remedial  
i n v e s t i g a t i o n  (RI) and f e a s i b i l i t y  s tudy (FS). The upper p o r t i o n  of t h e  
f i g u r e  c o n s i s t s  of two flow c h a r t s  i l l u s t r a t i n g  the  s e q u e n t i a l ,  in terdependent  
even t s  a s soc ia t ed  with the RI/FS process .  The lower p o r t i o n  of t he  f i g u r e  i s  
a t a b u l a t i o n  of t h e  t a s k s  i d e n t i f i e d  i n  the  Model Statement of Work f o r  t he  
RI/FS. Th i s  Model Statement of  Work sets f o r t h  t h e  t a s k s  t h a t  a c o n t r a c t o r  
w i l l  perform i n  conducting a government-lead RI/FS and i s  included i n  t h i s  
document as Appendix A .  The lower p o r t i o n  of  Figure 1-2 a l s o  i d e n t i f i e s  t h e  
c h a p t e r s  i n  t h e  Remedial I n v e s t i g a t i o n  and F e a s i b i l i t y  Study Guidance 
Documents corresponding t o  t h e  t a s k s  i n  the  Model Statement o f  Work. The 
numbers i n  the  boxes of t he  flow c h a r t s  correspond t o  the  i n d i v i d u a l  RI/FS 
t a s k s  l i s t e d  i n  the Model Statement of  Work. 

The v e r t i c a l  l i n e s  on t h e  c h a r t  i n d i c a t e  some of t he  p l a n s ,  r e p o r t s ,  o r  
mi l e s tones  recomnended i n  the RI/FS guidance. These connectors  and t h e  l i s t -  
ings  below them i l l u s t r a t e  t h e  i n t e g r a t i o n  of t h e  RI/FS process .  

Management and coord ina t ion  of RI/FS a c t i v i t i e s  w i l l  a f f e c t  t h e  
r e s o u r c e s ,  t iming,  and completeness of t he  R I  and FS r e p o r t s .  S i t e - s p e c i f i c  
c o n d i t i o n s  w i l l  govern the e x t e n t  of  d a t a  c o l l e c t i o n  and a n a l y s i s  f o r  each 
l e v e l  of t h e  R I  and FS process .  It must be emphasized t h a t  t h e  o b j e c t i v e  of 
t h i s  guidance i s  not t o  i n s t r u c t  t he  user i n  s p e c i f i c  methodologies f o r  
conducting the remedial  i n v e s t i g a t i o n ,  bu t  i n s t ead  t o  provide d i r e c t i o n  f o r  
the o v e r a l l  process .  
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Figure 1-2. RI/FS Process 
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CHAPTER 2 

SCOPING 

2 . 1  INTRODUCTION 

The National O i l  and Hazardous Substances Contingency Plan (NCP) 
(47 FR 31180, J u l y  16, 1982; 40 CFR Par t  300 e t  seq.)  d e s c r i b e s  the  c r i t e r i a  
f o r  judging t h e  n e c e s s i t y  and type of remedial  a c t i o n s  a t  a s i t e  [ 4 0  CFR Part 
300.68(e)] .  These c r i t e r i a  g e n e r a l l y  involve the de t e rmina t ion  of  t he  e x t e n t  
t o  which substances o n - s i t e  o r  o f f - s i t e  endanger pub l i c  h e a l t h ,  w e l f a r e ,  o r  
the environment. Remedial i n v e s t i g a t i o n s  [ 4 0  CFR Pa r t  300.68(f)1 a r e  under- 
taken t o  o b t a i n  t h e  necessa ry  d a t a  f o r  t he  e v a l u a t i o n  of t h e  c r i t e r i a  and the  
subsequent e v a l u a t i o n  of remedial a c t i o n  a l t e r n a t i v e s .  This chap te r  o u t l i n e s  
t h e  process f o r  determining the  type and e x t e n t  of remedial i n v e s t i g a t i o n s .  

Scoping a remedial i n v e s t i g a t i o n  involves  the  a n a l y s i s  of e x i s t i n g  d a t a ;  
t h i s  sets the  b a s i s  f o r  developing a sampling plan based on s p e c i f i c  d a t a  
needs.  These d a t a  may be r e g i o n a l ,  such as  published information on geology 
and s o i l s ,  o r  s i t e - s p e c i f i c  i f  f i e l d  i n v e s t i g a t i o n s  have been conducted. 
General ly ,  t hese  d a t a  w i l l  i nc lude  p re l imina ry  assessment and s i t e  i n s p e c t i o n  
r e p o r t s  o r  t h e i r  e q u i v a l e n t .  The information is used t o  e v a l u a t e  p o t e n t i a l  
impacts on t h e  publ ic  h e a l t h ,  w e l f a r e ,  and t h e  environment and t o  e l i m i n a t e ,  
i f  p o s s i b l e ,  response a c t i o n s  t h a t  a r e  not a p p r o p r i a t e  t o  t h e  s i t e .  

Af t e r  t h i s  a n a l y s i s  , the  remedial  i n v e s t i g a t i o n  a c t i v i t i e s  necessary t o  
c o l l e c t  t he  missing d a t a  are i d e n t i f i e d .  The goal i s  t o  provide whatever 
a d d i t i o n a l  information is  necessary so t h a t  the p o t e n t i a l  impacts on pub l i c  
h e a l t h ,  w e l f a r e ,  and the  environment can be evaluated and remedial  a l t e r n a -  
t i v e s  can be developed and s e l e c t e d .  Addit ional  d a t a  may be necessary t o  
s a t i s f y  requirements of s i t e s  designated f o r  enforcement.  The scope , c o s t s  , 
and schedule of t h e  remedial i n v e s t i g a t i o n  are prepared and presented i n  t h e  
Remedial I n v e s t i g a t i o n  Sampling Plan.  

2.2 EXISTING DATA COLLECTION ANT) EVALUATION 

The p r i m a r y  o b j e c t i v e s  of d a t a  c o l l e c t i o n  and e v a l u a t i o n  a r e  t o  summarize 
e x i s t i n g  information on hazardous waste sou rces ,  pathways , and r ecep to r s  , and 
t o  e v a l u a t e  p o t e n t i a l  impacts on pub l i c  h e a l t h ,  w e l f a r e ,  and t h e  environment.  
Ana ly t i ca l  d a t a  from f i e l d  i n v e s t i g a t i o n s  a t  the s i t e ,  as  w e l l  as  information 
of a r eg iona l  n a t u r e ,  a r e  considered i n  t h i s  s e c t i o n .  
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2.2.1 C o l l e c t i o n  of  E x i s t i n g  Data 

E x i s t i n g  information on hazardous waste sou rces ,  mig ra t ion  pathways, and 
human and e n v i r o w e n t a l  r e c e p t o r s  i s  a v a i l a b l e  from many sources ;  some of  the  
more u s e f u l  sou rces  a r e  summarized i n  Table 2-1. Much s i t e  information i s  
o f t e n  ga the red  i n  the Nat ional  P r i o r i t i e s  L i s t  (NPL) ranking process  and may 
be found i n  EPA, f i e l d  i n v e s t i g a t i o n  team (FIT),  t e c h n i c a l  a s s i s t a n c e  team 
(TAT), c o n t r a c t o r ,  and S t a t e  f i l e s .  F i l e s  from s i t e  i n v e s t i g a t i o n s ,  removal, 
o r  clean-up a c t i o n s  conducted by EPA's Emergency Response Program, f o r  
example, may c o n t a i n  u s e f u l  h i s t o r i c a l ,  sampling, o r  c o s t  d a t a ,  e s p e c i a l l y  i f  
EPA conducted a Superfund removal a t  the s i t e .  

The i n i t i a l  s t e p  i n  d a t a  c o l l e c t i o n  i s  t o  compile a s i t e  d e s c r i p t i o n ,  
h i s t o r y ,  and chronology of s i g n i f i c a n t  w e n t s .  These are important organiza- 
t i o n a l  t o o l s  i n  the  c o l l e c t i o n  of  d a t a  on hazardous waste sou rces ,  m i g r a t i o n  
pathways, and p o t e n t i a l  r e c e p t o r s .  The s i t e  d e s c r i p t i o n  should include 
l o c a t i o n ,  s i z e ,  ownership,  physiographic province,  topography, geo log ic  
h i s t o r y ,  and o t h e r  p e r t i n e n t  d e t a i l s .  H i s t o r i c a l  even t s  of concern inc lude  
s i t e  v i ' s i t s ,  d i s p o s a l  p r a c t i c e s ,  sampling e v e n t s ,  l e g a l  a c t i o n s ,  r e g u l a t o r y  
v i o l a t i o n s ,  and changes i n  ownership. Also,  information concerning previous 
clean-up a c t i o n s ,  such a s  removal of waste drums, i s  v a l u a b l e  f o r  determining 
t h e  c h a r a c t e r i s t i c s  of wastes remaining a t  t h e  s i t e .  

The s i t e  d e s c r i p t i o n  uses only e x i s t i n g  information.  Gaps o r  i n s u f f i -  
c i ency  of e x i s t i n g  d a t a  are no ted ,  bu t  t he  s i t e  d e s c r i p t i o n  process  focuses  on 
sumnarizing e x i s t i n g  d a t a  and ana lyses  and not on the  development of  d a t a  t o  
complete t h e  d e s c r i p t i o n .  Table 2-2 l i s t s  s i t e  and waste c h a r a c t e r i s t i c s  t h a t  
may be important i n  the s i t e  d e s c r i p t i o n  and t h e  e v a l u a t i o n  of  problems and 
po t en t i a  1 i m  pac t s . 

2 . 2 . 1 . 1  Hazardous Waste Sources 

The v a r i e t i e s  and q u a n t i t i e s  of hazardous wastes disposed a t  t h e  s i t e  
should be i n v e s t i g a t e d .  The r e s u l t s  from any sampling episodes should be 
sumnarized i n  terms of  phys i ca l  and chemical c h a r a c t e r i s t i c s ,  contaminants 
i d e n t i f i e d ,  and c o n c e n t r a t i o n s  p r e s e n t .  I f  a v a i l a b l e ,  information on the  
p r e c i s i o n  and accuracy of  t h e  d a t a  should be included.  

c 

Records of  d i s p o s a l  p r a c t i c e s  and ope ra t ing  procedures a t  t h e  s i t e  can be 
reviewed t o  i d e n t i f y  l o c a t i o n s  of  waste materials o n - s i t e ,  waste h a u l e r s ,  and 
waste g e n e r a t o r s .  Where s p e c i f i c  waste r eco rds  are a b s e n t ,  waste products  
t h a t  may have been disposed a t  t h e  s i t e  can be i d e n t i f i e d  through a review o f  
t h e  manufacturing processes  of t h e  waste g e n e r a t o r s .  . 

A . .  
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TABLE 2-1. ' DATA COLLECTION INFORMATION SOURCES 

Hazardous 
Waste Migra t ion  Pathways 

Sources Subsur face  Sur face  A i r  Receptors  Informat  ion  Source 

U . S .  EPA F i l e s  
U.S. Geolog ica l  Survey 
U . S .  DOA - s o i l  Conse rva t ion  Se rv icea  
U.S. DOA - A g r i c u l t u r a l  S t a b i l i z a t i o n  

U.S.  DOA - F o r e s t  S e r v i c e  
U.S. DO1 - F i s h  and W i l d l i f e  Agencies 
U . S .  DO1 - Bureau of Reclamation 
U.S. Army Corps of Engineers  
Fede ra l  Fmergency Management Agency 
U.S .  Census Bureau 
Na t iona l  Oceanic and Atmospheric Admin. 
S t a t e  Environmental  P r o t e c t i o n  o r  P u b l i c  

S t a t e  Geo log ica l  Survey 
S t a t e  F ish  and W i l d l i f e  Agencies 
Local P lanning  Boards 
County or C i t y  Heal th  Departments 
Town Engineer  or Town Hall 
Local Chamber of Commerce 
Local A i rpo r t  
Local L i b r a r y  
Local Well Dril lers 

and Conserva t ion  S e r v i c e  

b 

, Hea l th  Agencies 

. Regional  Geologic and Hydrologic  
P u b l i c a t i o n s  

. Court Records o f  Legal Act ion  
Department o f  J u s t i c e  F i l e s  
S t a t e  A t to rney  Genera l  F i l e s  
F a c i l i t y  Records 
F a c i l i t y  Owners and Employees' 
C i t i z e n s  Res id ing  Near S i t e c  
Waste Haulers  and Genera tors '  
S i t e  Visit Repor ts  
Pho t ographs  
Pre  1 i m  i n a r  y Ass e ssment Re port 
F i e l d  I n v e s t i g a t i o n  A n a l y t i c a l  Data 
FITITAT Reports 
S i t e  I n s p e c t i o n  Report 

X X X X X 
X X 
X X 

X X 
X X 

X 
X X X 
X 

X 

X 

X 

X 

X 
X 

X 
X 

X X 

X 
X 

X 
X 

X 
X X 

X 
X 

X 
X 
X 

X 

X X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X X 

X 
X X 

X 
X 

X X 
X X 
X X 
X X 

X X 
X 

X X 
X 
X X 
X X 

a ~ . ~ .  DOA So i l  Conse rva t ion  S e r v i c e  County S o i l  Survey Repor ts  a r e  v e r y  u s e f u l .  

bThe Fede ra l  h e r g e n c y  Management Agency p u b l i s h e s  f l o o d p l a i n  maps.  

C I n t e r v i e w s  r e q u i r e  EPA c o n c u r r e n c e .  
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TABLE 2-2. SITE AND WASTE CHARACTERISTICS 

SITE CHARACTERISTICS 

S i t e  Volume 
S i t e  Area 
S i t e  Configurat ion 
Disposal Methods 
Climate 

- P r e c i p i t a t i o n  
- Temperature 
- Evaporation 

So i l  Texture and Pe rmeab i l i t y  
So i l  Moisture 
Slope 
Drainage 
Vegetat ion 

WASTE CHARACTERISTICS 

Quant i ty  
Chemical Composition 
Carc inogen ic i ty  
Tox ic i ty  - Chronic and Acute 
Pe r s i s t enc e 
B iodegradab i l i t y  
Rad ioac  t i v  i t y 
I g n i  t a b i l  i t y  
Reac t i v  i t  y/ Corrosiveness  
Treat  a b i l i t y  

Depth t o  Bedrock 
Depth t o  Aquicludes 
Degree of  Contamination 
Di rec t ion  and Rate of 

Ground-water Flow 
Rece p t ors 
Distance t o  : 

- Drinking Water Wells 
- Sur face  Water 
- Ecological  Areas 

E x i s t i n g  Land Use 
Depth t o  Ground Water or 

t o  Plume 

I n f e c t i o u s n e s s  
Sol ub il it  y 
Vo 1 a t  i 1 i t  y 
Dens i t  y 
P a r t i t i o n  C o e f f i c i e n t  
Safe Levels i n  the  

Compa t ib i l i t y  with Other 
Env i r o run en t 

Chemicals 

Source: U.S. EPA, 1985a 
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2.2.1.2 Migration Pathways 

a 

8 

A summary of e x i s t i n g  s i t e - s p e c i f i c  and r eg iona l  information should be 
compiled t o  i d e n t i f y  subsu r face ,  s u r f a c e ;  a tmospheric ,  and poss ib ly  b i o t i c  
mig ra t ion  pathways. Information of concern inc ludes  geology, pedology, hydro- 
geology, hydrology, meteorology, and a i r  , wate r ,  and biology i n v e n t o r i e s .  

Regional information w i l l  h e l p  i d e n t i f y  background s o i l  , wate r ,  and a i r  
q u a l i t y .  Resul ts  of environmental  sampling a t  t he  s i t e  should be summarized 
i n  t h i s  s e c t i o n .  Evidence of s o i l ,  water ,  a i r ,  o r  b i o t i c  contamination should 
be documented, and n a t i o n a l  and S t a t e  s t anda rds  or c r i t e r i a  should be 
r e fe renced .  

2.2.1.3 Receptors 

Data on human and environmental r e c e p t o r s  ( e . g . ,  p l a n t s  and animals) i n  
the a r e a  surrounding the  s i te  should be compiled i n  t h i s  s e c t i o n .  Demographic 
and land use  information such as  whether t h e  a r e a  is  used f o r  a g r i c u l t u r a l ,  
i n d u s t r i a l ,  c o m e r c i a 1  , or  r e s i d e n t i a l  purposes w i l l  he lp  i d e n t i f y  p o t e n t i a l  
human r e c e p t o r s .  Res iden t i a l  , municipal  , or i n d u s t r i a l  wel ls  should be 
loca ted .  Surface water uses should be i d e n t i f i e d  f o r  a r eas  surrounding and 
downstream of t h e  s i t e .  

.The ecology of t h e  s i t e  should be descr ibed and the common f l o r a  and 
fauna of t he  a r e a  i d e n t i f i e d .  Any t h r e a t e n e d ,  endangered, or r a r e  s p e c i e s  i n  
the  a r e a  a s  well as  s e n s i t i v e  environmental a r e a s  should be i d e n t i f i e d .  
Resul ts  from b i o l o g i c a l  t e s t i n g  should be inc luded ,  i f  a v a i l a b l e ,  t o  document 
bioaccumulation i n  t h e  food cha in .  . 

2.2.2 Eva lua t ion  o f  P o t e n t i a l  Impacts 

The p o t e n t i a l  e f f e c t s  of  hazardous substances at  the s i t e  a r e  eva lua ted  
r e l a t i v e  t o  ' the danger they pose t o  pub1 i c  h e a l t h ,  w e 1  f a r e  , or ' t he  env i ron-  
ment. Impacts should be evaluated i n  terms of contaminant sou rce ,  m i g r a t i o n  
pathways ,. and r e c e p t o r s .  

Valuable r e sources  i n  determining t h e  p o t e n t i a l  impacts of chemical 
contaminants include the  fol lowing sources  : 

0 Regi s t ry  of Toxic E f f e c t s  of Chemical Substances (NIOSH, 1980) 

0 Dangerous P r o p e r t i e s  of Hazardous M a t e r i a l s  ( S a x ,  1984) 

0 Handbook of Environmental Data on Organic Chemicals (Verschueren, 
1977) 
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0 Water-Related Environmental Fa te  of 129 P r i o r i t y  P o l l u t a n t s  (U.S. EPA, 
1979a) 

0 Hazardous Chemicals Data Book (Weiss,  1980) 

0 The Merck Index (Windholz, 1976) 

0 Chemical Information Resources Handbook (U.S. EPA, 1980d) 

0 O f f i c e  of Toxic Substances (OTS) Information A r c h i t e c t u r e  Notebook 
( U . S .  EPA, 1983e).  

These r e f e r e n c e s  a r e  c i t e d  i n  the  b ib l iog raphy  t o  t h i s  guidance. 
sources  inc lude  : 

Addit ional  

0 EPA Chemical A c t i v i t i e s  S t a t u s  Reports ( s e r i e s ,  c o n t a c t  O f f i c e  of 
P e s t i c i d e s  and Toxic Substances '  L ib ra ry )  

0 EPA water q u a l i t y  c r i t e r i a  documents ( s e r i e s ,  c o n t a c t  C r i t e r i a  and 
Standards Div i s ion ,  O f f i c e  of  Water Regulat ions and S tanda rds ) .  

2 .3  DETERMINING THE NEED FOR REMOVALS-OR INITIAL REMEDIAL MEASURES 

R&edial a c t i o n s ,  as de f ined  by the NCP i n  s e c t i o n  300.68(a),  . I # . . .  a r e  
those  responses  t o  r e l e a s e s  on ' the Nat ional  P r i o r i t i e s  L i s t  t h a t  a r e  con- 
s i s t e n t  w i th  a permanent'remedy t o  prevent o r  m i t i g a t e  the mig ra t ion  of  a 
release of hazardous substances i n t o  the  environment .I' 

Imnediate removals, planned removals,  and I n i t i a l  Remedial Measures 
(IRMs) are remedial  a c t i o n s  taken a t  a s i t e  be fo re  f i n a l  s e l e c t i o n  of appro- 
p r i a t e  remedial  a c t i o n s .  
h e a l t h  o r  t h e  environment during the  s t a g e s  of remedial  i n v e s t i g a t i o n s ,  
f e a s i b i l i t y .  s tudy,  and remedial  a c t i o n  des ign  and c o n s t r u c t i o n .  

The i n t e n t  of t h e s e  a c t i o n s  is t o  p r o t e c t  t he  pub l i c  

1 Immediate removal a c t i o n s ,  de f ined  under sec t ion '300 .65  of  t he  NCP may 
be considered appropr i a t e  i n  c a s e s  where " t h e  lead agency determines t h a t  t h e  
i n i t i a t i o n  of [ an ]  immediate removal a c t i o n  w i l l  prevent  o r  m i t i g a t e  immediate 
and s i g n i f i c a n t  r i s k  of  harm t o  human l i f e  o r , h e a l t h  o r  t o  the  environment i n  
such s i t u a t i o n s  as: 

'Proposed r e v i s i o n s  t o  the  NCP (February 12, 1985) inc lude  changes i n  removal 
a u t h o r i t y .  The use r  should c o n s u l t  with EPA o f f i c i a l s  t o  determine the  
a p p r o p r i a t e  f a c t o r s  t o  cons ide r  when e v a l u a t i n g  the  need f o r  a removal 
action. 
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. 
( 1 )  Human, animal,  o r  food cha in  exposure t o  a c u t e l y  t o x i c  subs t ances ;  

( 2 )  Contamination of a d r ink ing  water  supply;  

( 3 )  F i r e  and/or exp los ion ;  or 

( 4 )  S i m i l a r l y  acu te  s i t u a t i o n s  .I1 

i 

Once an immediate removal a c t i o n  is  determined t o  be a p p r o p r i a t e ,  a c t i o n s  
begin as soon a s  p o s s i b l e  t o  prevent  or m i t i g a t e  danger t o  t h e  pub l i c  h e a l t h ,  I 1  

wel fa re ,  o r  t h e  environment. Actions may i n c l u d e ,  bu t  are not l i m i t e d  t o :  

(1) C o l l e c t i n g  and analyzing samples t o  determine t h e  source and 
d i s p e r s i o n  of t he  hazardous substance and documenting t h e s e  samples 
f o r  p o s s i b l e  e v i d e n t i a r y  use.  

( 2 )  Providing a l t e r n a t i v e  water s u p p l i e s .  

( 3 )  I n s t a l l i n g  s e c u r i t y  fencing o r  o t h e r  measures t o  L i m i t  a c c e s s .  

( 4 )  C o n t r o l l i n g  t h e  source of release. 

( 5 )  MeMeasuring and sampl ing . 
( 6 )  Moving hazardous substances o f f - s i t e  f o r  s t o r a g e ,  d e s t r u c t i o n ,  

t r ea tmen t ,  or  d i s p o s a l  provided t h a t  t he  substances a r e  moved t o  a 
f a c i l i t y  t h a t  is i n  compliance with S u b t i t l e  C of  t h e  Sol id  Waste 
Disposal Act. . . , 

( 7 )  Plac ing  phys ica l  b a r r i e r s  t o  d e t e r  t he  spread of t h e  release. 

(8) C o n t r o l l i n g  t h e  water d i scha rge  from an upstream impoundment. 

( 9 )  Recommending t o  a p p r o p r i a t e  a u t h o r i t i e s  t h e  evacuat ion of  
th rea t ened  i n d i v i d u a l s .  

(10) Using chemicals and o t h e r  m a t e r i a l s  i n  accordance with Subpart  H t o  
r e s t r a i n  t h e  spread of  t h e  substance and t o  m i t i g a t e  i t s  e f f e c t s .  

(11) Executing damage c o n t r o l  or opera t ions . "  [NCP s e c t i o n  300.65(b)I 

S p e c i f i c  c r i t e r i a  r ega rd ing  imnediate removals and t h e i r  implementation a r e  
: addressed i n  s e c t i o n  300.65 of t he  NCP. 

2 Planned removals may a l s o  be implemented . These removals may be done 
where con t inua t ion  of an imnediate removal would r e s u l t  i n  s u b s t a n t i a l  c o s t  
s av ings ,  o r  where t h e  pub l i c  and/or environment is  "at r i s k  from exposure t o  
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hazardous  s u b s t a n c e s  i f  r e sponse  is  de layed  a t  a r e l e a s e  not  on t h e  Na t iona l  
P r i o r i t i e s  L i s t "  [ s e c t i o n  3 0 0 . 6 7 ( a ) ( 2 )  of t h e  N C P ] .  Planned removals  must be 
r e q u e s t e d  by t h e  a f f e c t e d  S t a t e  ( v i a  t h e  Governor or h i s  d e s i g n e e ) .  

F a c t o r s  used t o  de t e rmine  t h e  need f o r  a planned removal ( a s  l i s t e d  under  
s e c t i o n  300 .67(c)  of  t h e  NCP) a r e :  

"Actual  or p o t e n t i a l  d i r e c t  c o n t a c t  wi th  hazardous  s u b s t a n c e s  by 
nearby  p o p u l a t i o n ;  

Contaminated d r i n k i n g  water a t  t h e  t a p ;  

Hazardous s u b s t a n c e s  i n  d'rums , b a r r e l s  , t anks  , or o t h e r  b u l k  s t o r a g e  
c o n t a i n e r s ,  t h a t  a r e  known t o  pose a s e r i o u s ,  t h r e a t  t o  p u b l i c  h e a l t h  
or t h e  environment  ; 

Highly  contaminated  s o i l s  l a r g e l y  a t  o r  n e a r  s u r f a c e ,  pos ing  a s e r i o u s  
t h r e a t  t o  p u b l i c  h e a l t h  or t h e  envi ronment ;  

S e r i o u s  t h r e a t  of f i r e  o r  e x p l o s i o n ;  o r  

Weather c o n d i t i o n s  t h a t  may cause  s u b s t a n c e s  t o  m i g r a t e  and pose a 
s e r i o u s  t h r e a t  t o  p u b l i c  h e a l t h  o r  t h e  e n v i r o m e n t . "  

C r i t e r i a  r e g a r d i n g  t h e  need f o r  planned removals  and t h e i r  implementa t ion  a r e  
addres sed  f u r t h e r  i n  s e c t i o n  300.67 o f  t h e  NCP. 

I n i t i a l  r emed ia l  measures  a r e  implemented where "such measures  a r e  d e t e r -  
mined t o  be f e a s i b l e  and n e c e s s a r y  t o  l i m i t  exposure  or t h r e a t  of exposure  t o  
a s i g n i f i c a  t h e a l t h  or env i ronmen ta l  haza rd  and i f  such measures  a r e  c o s t -  
e f f e c t i v e  .It 9- 

Seven f a c t o r s  a r e  l i s t e d  i n  s e c t i o n  3 0 0 . 6 8 ( e ) [ l l ( i - v i i )  o f  t h e  NCP f o r  
d e t e r m i n i n g  whether  IRMs are a p p r o p r i a t e :  

e " A c t u a l / p o t e n t i a l  d i r e c t  c o n t a c t  between haza rdous  s u b s t a n c e s  and 
nearby  p o p u l a t i o n s .  (Measures  might  i n c l u d e  f e n c e s  and o t h e r  s e c u r i t y  
p r e c a u t i o n s . )  

e Absence of an e f f e c t i v e  d r a i n a g e  c o n t r o l  system ( w i t h  an emphasis  on 
run-on c o n t r o l ) .  (Measures  might  i n c l u d e  d r a i n a g e  d i t c h e s  .) 

3Proposed r e v i s i o n s  t o  t h e  NCP (Februa ry  12 ,  1985) i n c l u d e  changes i n  
r e m e d i a t i o n  a u t h o r i t y .  The u s e r  should  c o n s u l t  w i th  EPA o f f i c i a l s  t o  
d e t e r m i n e  t h e  a p p r o p r i a t e  f ac to r ' s  t o  c o n s i d e r  when e v a l u a t i n g  t h e  need f o r  
i n i t i a l  r emed ia l  measu res .  

. 

. 
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Contaminated d r ink ing  water a t  t he  t a p .  (Measures might i nc lude  the  
temporary p rov i s ion  of an a l t e r n a t i v e  water supply.)  

Hazardous substances i n  drums, b a r r e l s ,  t anks ,  o r  o t h e r  bulk s t o r a g e  
c o n t a i n e r s  above s u r f a c e ,  posing a s e r i o u s  t h r e a t  t o  pub l i c  h e a l t h  or 
t h e  environment. (Measures might include t r a n s p o r t  of drums 
o f f - s i t e .  1 

Highly contaminated s o i l s  l a r g e l y  a t  o r  near  t he  s u r f a c e ,  posing a 
s e r i o u s  t h r e a t  t o  pub l i c  h e a l t h  o r  t h e  environment. (Measures might 
include temporary capping o r  removal of h i g h l y  contaminated s o i l s  from 
d ra inage  a r e a s . )  

Ser ious t h r e a t  of f i r e  o r  exp los ion  or  o t h e r  s e r i o u s  t h r e a t  t o  pub l i c  
h e a l t h  or  the environment. (Measures might i nc lude  s e c u r i t y  or  drum 
removal. 1 

Weather c o n d i t i o n s  t h a t  may cause substances t o  mig ra t e  and t o  pose a 
s e r i o u s  t h r e a t  t o  pub l i c  h e a l t h  o r  t he  environment. (Measures might 
i nc lude  s t a b i l i z a t i o n  of berms, d i k e s  , o r  impoundments . ) ' I  

l i m i t e d  f e a s i b i l i t y  s tudy i s  performed when more than one remedial  
measure i s  considered t e c h n i c a l l y  v i a b l e  f o r  t he  immediate c o n t r o l  of a 
t h r e a t .  The c o s t s  of a l t e r n a t i v e  i n i t i a l  remedial  a c t i o n s  must be e s t ima ted  
and t h e  a b i l i t y  of each a l t e r n a t i v e  t o  minimize the  t h r e a t  t o  pub l i c  h e a l t h ,  
w e l f a r e ,  or  the environment m u s t  be analyzed. E x i s t i n g  s i t e  information i s  
u s u a l l y  a l l  t h a t  is r equ i r ed  f o r  such an a n a l y s i s ,  bu t  o c c a s i o n a l l y  l i m i t e d  
sampling is  performed. The most c o s t - e f f e c t i v e  a l t e r n a t i v e  is  then recom- 
mended. A r e p o r t  summarizing the  development and a n a l y s i s  of a l t e r n a t i v e s ,  
c o s t  estimates, s e l e c t i o n  of  t he  most c o s t - e f f e c t i v e  a l t e r n a t i v e ,  and a 
schedule f o r  implementation i s  submitted t o  the  EPA. This r e p o r t  i s  s i m i l a r  
i n  format and content  t o  a f u l l  f e a s i b i l i t y  s tudy although l e s s  d e t a i l e d ;  a 
more d e t a i l e d  s tudy methodology is presented i n  the  Guidance Document f o r  
F e a s i b i l i t y  S tud ie s  Under CERCLA (U.S. EPA, 1985a).  

2.4 DEVELOPMENT OF GENERAL RESPONSE ACTIONS 

General response a c t i o n s  a r e  developed du r ing  scoping so t h a t  the d a t a  
necessary f o r  developing and eva lua t ing  corresponding a l t e r n a t i v e  remedial  
a c t i o n s  i n  the  f e a s i b i l i t y  s tudy can be i d e n t i f i e d .  General response a c t i o n s  
address  a l l  t h e  p o t e n t i a l  impacts i d e n t i f i e d  i n  s e c t i o n  2 . 2 . 2 .  The i d e n t i f i -  
c a t i o n  of gene ra l  response a c t i o n s  w i l l  e l i m i n a t e  obviously i n a p p r o p r i a t e  
a c t i o n s ,  t hus  focusing the  e f f o r t  t o  c o l l e c t  d a t a  and develop remedial  a c t i o n  
a l t e r n a t i v e s .  The Guidance Document f o r  F e a s i b i l i t y  S tud ie s  Under CERCLA 
(U.S. EPA, 1985a) and the  Manual on the  S e l e c t i o n  and Evaluat ion of Remedial 
Responses (U. S. EPA, 1984d) provide s p e c i f i c  guidance f o r  i d e n t i f y i n g  g e n e r a l  
response a c t i o n s  and e x p l a i n  the  r o l e  of t h i s  process  i n  t h e  f e a s i b i l i t y  
s tudy.  
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2.5 DATA NEEDS 

Remedial i n v e s t i g a t i o n s  must o b t a i n  s u f f i c i e n t  d a t a  t o  a l low a f e a s i -  
b i l i t y  s tudy o f  remedial  a c t i o n  a l t e r n a t i v e s .  
300 .68 ( i ) (3 )4  t h a t :  
i t  may be necessary t o  g a t h e r  a d d i t i o n a l  d a t a  i n  o rde r  t o  complete t h e  
a n a l y s i s . "  In  t h e  remedial  i n v e s t i g a t i o n ,  i t  is  not necessa ry  t o  determine a l l  
t h e  s i t e  and waste c h a r a c t e r i s t i c s  f o r  every s i t e .  The information on s i t e  
and waste c h a r a c t e r i s t i c s  t h a t  must be obtained depend on t h e  information 
r equ i r ed  t o  : 

The NCP recognizes  i n  s e c t i o n  
" [ I ] n  performing the  d e t a i l e d  a n a l y s i s  of a l t e r n a t i v e s ,  

Assess a l t e r n a t i v e s  ( i n c l u d i n g  the  no-action a l t e r n a t i v e )  during the 
f e a s i b i l i t y  s tudy  

Support enforcement o r  c o s t  recovery procedures 

Conduct h e a l t h  assessments o r  s p e c i a l  s t u d i e s .  

2 .5 .1  Data L i m i t a t i o n s  i n  t h e  Assessment of  P o t e n t i a l  Impacts 

. .  

The e v a l u a t i o n  of e x i s t i n g  d a t a  w i l l  i d e n t i f y  what remains t o  be c l a r i -  
f i e d  about t h e  types  and e x t e n t  of contaminat ion,  pathways of contaminant 
m i g r a t i o n ,  and r e c e p t o r s .  The l i m i t a t i o n s  i d e n t i f i e d  i n  the  d a t a  should be 
compiled under each of t h e  d a t a  e v a l u a t i o n  subheadings: 

Hazardous waste  sources ,  i nc lud ing  l o c a t i o n ,  q u a n t i t i e s ,  concen- 
t r a t i o n s ,  and c h a r a c t e r i s t i c s  

Migrat ion pathways, i nc lud ing  information on geology, pedology, 
hydrogeology, physiography, hydrology, water  q u a l i t y ,  meteorology,  
and a i r  q u a l i t y  

Receptors ,  i nc lud ing  demography, land use ,  and ecology 

Engineer ing a s p e c t s ,  i nc lud ing  s o i l s ,  e t c .  

The most important c r i t e r i o n  i n  determining i f  t h e  information w i t h i n  a 
p a r t i c u l a r  ca t egory  i s  s u f f i c i e n t  i s  t h a t  t h e  d a t a  must be complete enough t o  
a l l o w  t h e  RI/FS team t o  e v a l u a t e  f u l l y  t h e  need f o r  source c o n t r o l  o r  manage- 
ment of m i g r a t i o n  measures and t h e  a l t e r n a t i v e s  f o r  meeting t h e s e  needs.  

'Federal R e g i s t e r ,  Vol. 47, No. 137, J u l y  16, 1982. 
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. 
2 . 5 . 2  Data L i m i t a t i o n s  i n  t h e  Assessment of  Remedial Act ions 

While t h e  remedial  i n v e s t i g a t i o n  i s  s t i l l  going on, i n i t i a l  d a t a  col-  
l e c t e d  from f i e l d  e f f o r t s  w i l l  be used t o  analyze the  f e a s i b i l i t y  o f  remedial  
a l t e r n a t i v e s .  During t h e  a n a l y s i s  of remedial  a l t e r n a t i v e s  f o r  t he  f e a s i -  
b i l i t y  s tudy,  d a t a  gaps may be i d e n t i f i e d  which r e q u i r e  t h a t  a d d i t i o n a l  
information be c o l l e c t e d  during the  s i t e  c h a r a c t e r i z a t i o n .  In o t h e r  words, 
the remedial i n v e s t i g a t i o n  and f e a s i b i l i t y  s tudy a c t i v i t i e s  ove r l ap  as  
s p e c i f i c  d a t a  needs are i d e n t i f i e d  during the  development, s c reen ing ,  and 
e v a l u a t i o n  of  a l t e r n a t i v e s .  It i s  e s s e n t i a l  t h a t  t h e s e  d a t a  needs be commu- 
n i ca t ed  t o  t h e  remedial  i n v e s t i g a t i o n  team. The more e f f e c t i v e  the  use r  is i n  
c o w u n i c a t i n g  d a t a  needs from the  f e a s i b i l i t y  s tudy  t o  the  remedial  inves- 
t i g a t i o n ,  t h e  more e f f i c i e n t  t he  s i t e  c h a r a c t e r i z a t i o n  process  w i l l  be. ‘In 
a d d i t i o n ,  t h e  information c o l l e c t e d  w i l l  be more v a l u a b l e  i f  i t  i s  focused on 
r e so lv ing  issues  t h a t  w i l l  determine the  adequacy and, des ign  c h a r a c t e r i s t i c s  
of the remedial  a l t e r n a t i v e s  being analyzed.  
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CHAPTER 3 

SAMPLING PLAN DEVELOPMENT 

3 . 1  I N T R O D U C T I O N  

The sampling plan d e f i n e s  the l e v e l  of e f f o r t  and s p e c i f i c  f i e l d  a c t i v i -  
t ies  fo r  a remedial  i n v e s t i g a t i o n .  The o b j e c t i v e s  of a sampling plan a r e  t o :  

Provide s p e c i f i c  guidance fo r  a l l  f i e l d  work 

Provide a mechanism f o r  planning and approving s i t e  a c t i v i t i e s  

Provide a b a s i s  f o r  e s t ima t ing  c o s t s  of f i e l d  e f f o r t s  

Ensure t h a t  sampling a c t i v i t i e s  a r e  l i m i t e d  t o  those t h a t  a r e  
necessa ry  and s u f f i c i e n t  

Provide a common point of r e f e r e n c e  f o r  a l l  p a r t i e s  t o  ensure com- 
p a r a b i l i t y  and c o m p a t i b i l i t y  between a l l  a c t i v i t i e s  performed a t  t h e  
s i t e .  

A sampling plan should be prepared f o r  any s i t e  i n v e s t i g a t i o n  t h a t  i nc ludes  
f i e l d  work. 

While the  b a s i s  of a sampling plan is the  e x i s t i n g  s i t e  in fo rma t ion ,  
a d d i t i o n a l  information needs may be i d e n t i f i e d  du r ing  scoping ( c h a p t e r  2) o r  
from t e c h n i c a l  , environmental  , and h e a l t h  information needs i d e n t i f i e d  du r ing  
f e a s i b i l i t y  s t u d i e s .  During the  remedial  i n v e s t i g a t i o n ,  or  a concurrent  
f e a s i b i l i t y  s tudy ,  i t  may be necessa ry  t o  r e v i s e  the  sampling plan t o  i n c r e a s e  
the d e t a i l  of information c o l l e c t e d  or  t o  focus e f f o r t s  on a p a r t i c u l a r  
problem. Before development of a sampling p l an ,  t h e  v a l i d i t y  of a v a i l a b l e  
d a t a  should be a s ses sed ,  and the  va lue  of a d d i t i o n a l  d a t a  should be d e t e r -  
mined. 
t i v e s  of each i n v e s t i g a t i o n  should be proposed f o r  c o l l e c t i o n .  

Only t hose  d a t a  t h a t  a r e  necessa ry  and s u f f i c i e n t  t o  meet the objec- 

Sampling plans a r e  normally developed by t h e  c o n t r a c t o r ' s  S i t e  P r o j e c t  
Manager f o r  review and approval by t h e  Remed'ial S i t e  P r o j e c t  O f f i c e r .  The 
Regional . D i r e c t o r ,  t he  EPA Of f i ce  0.f Emergency and Remedial Response , and 
o t h e r  cognizant  S t a t e  and Federal  agencies  may a l s o  review the p l an ,  as 
d i r e c t e d  by the  Remedial S i t e  P r o j e c t  O f f i c e r .  
a l s o  be reviewed by the p o t e n t i a l l y  r e spons ib l e  p a r t i e s .  Because elements of 

The approved sampling plan may 
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t h e  sampling plan are d i r e c t l y  r e l a t e d  t o  the  s i t e - s p e c i f i c  q u a l i t y  assurance 
p l a n ,  t h e  Regional Q u a l i t y  Assurance O f f i c e  must p a r t i c i p a t e  i n  the  review. 

The sampling p l an  m u s t  i n c o r p o r a t e  d a t a  needs fo r  enforcement,  o r  any 
hea l th - s tudy- re l a t ed  o b j e c t i v e s .  Where enforcement a c t i v i t i e s  a r e  involved,  
t h e  plan should be reviewed by t h e  Of f i ce  of Waste Programs Enforcement o r  
r e g i o n a l  enforcement personnel .  Where h e a l t h  s t u d i e s  are involved,  t he  plan 
should be reviewed by the  r e s p o n s i b l e  h e a l t h  agency. 

Because s i tes  va ry  g r e a t l y  i n  s i z e  and complexity,  i t  i s  not  p o s s i b l e  
t o  develop gene ra l  q u a n t i t a t i v e  g u i d e l i n e s .  The guidance i n  t h i s  document 
focuses  on c o n s i d e r a t i o n s  du r ing  plan development. Sec t ion  3.2 c o n t a i n s  a 
g e n e r a l  d i s c u s s i o n  of t he  elements t h a t  c o n s t i t u t e  an accep tab le  sampling 
p l a n .  Fac to r s  of  a programmatic o r  procedural  n a t u r e  t h a t  should be con- 
s ide red  du r ing  p r e p a r a t i o n  of a plan are presented i n  s e c t i o n  3.3.  Sec t ions  
3.4 and 3.5 d i s c u s s  gene ra l  procedures f o r  sampling and d a t a  c o l l e c t i o n ,  with 
r e f e r e n c e  t o  more s p e c i f i c  information.  F i n a l l y ,  s e c t i o n  3.6 provides  
guidance on e s t i m a t i n g  the  e f f o r t s  r equ i r ed  during sampling plan development. 

3.2 ELEMENTS OF THE SAMPLING PLAN 

The sampling plan should,  a t  a minimum, d i s c u s s  the  fol lowing:  

Inves t  i g  a t ion ob j ec  t i v e s  

S i t  e b ac kground 

Analysis  of e x i s t i n g  d a t a  

Analytes of i n t e r e s t  

Sample types  

Map of l o c a t i o n s  t o  be sampled 

Sample l o c a t i o n s  and frequency 

A n a l y t i c a l  procedures 

Operat ional  p l an / schedu le  

Cost e s t i m a t e  . 

The sampling plan should a l s o  r e f e r  t o  o t h e r  r e l e v a n t  documentation, d a t a  
management, q u a l i t y  a s s u r a n c e / q u a l i t y  c o n t r o l ,  and h e a l t h  and s a f e t y  proce- 
du res  i d e n t i f i e d  i n  the r e s p e c t i v e  p r o j e c t  plans ( s e e  c h a p t e r s  4 and 5 ) .  
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3 . 2 . 1  Object ives  

- 
The i n v e s t i g a t o r  should c l e a r l y  s t a t e  the s p e c i f i c  o b j e c t i v e s  of a sam- 

p l ing  e f f o r t .  These o b j e c t i v e s  w i l l  be developed within the framework of t h e  
o v e r a l l  remedial i n v e s t i g a t i o n .  

I) 

The sampling plan o b j e c t i v e s  s ta te  the p r e c i s e  reasons fo r  t he  sampling 
e f f o r t ,  with r e spec t  t o  the u l t i m a t e  use  of t he  d a t a .  The o b j e c t i v e s  w i l l  be 
determined by t h e  detai ' l  r equ i r ed  a t  a s i t e .  The d a t a  needs i d e n t i f i e d  by 
scoping a c t i v i t i e s  may focus sampling a c t i v i t i e s  on s p e c i f i c  subareas , 
m a t r i c e s ,  o r  contaminants of  i n t e r e s t .  Any l i m i t a t i o n s  i n  focus should be 

. i d e n t i f i e d  and presented in  t h e .  p l a n .  

3 . 2 . 2  Background 

The s i t e  background d e s c r i p t i o n  w i l l  be based on d a t a  c o l l e c t e d  du r ing  
scoping a c t i v i t i e s  ( c h a p t e r  2 ) .  Background information should c o n s i s t  o f  t h e  
fo 1 lowing inf o m a t  ion  : 

A d e s c r i p t i o n  of t he  s i t e  and surrounding a r e a  w i l l  be r e f e r e n c e d ,  
not ing any c o n d i t i o n s  t h a t  may a f f e c t  the sampling e f f o r t .  This 
i nc ludes  any l i m i t a t i o n s  i n  conducting f i e l d  a c t i v i t i e s  , such a s  
extreme weather or d i f f i c u l t  t e r r a i n .  

A d i s c u s s i o n  of l:nown and suspected 'contamination sources w i l l  be 
r e f e r e n c e d ,  l i s t i n g  probable t r a n s p o r t  pathways and impacts.  Expected 
c o n c e n t r a t i o n s  or' contaminat ion should be noted.  

Sources of information about t h e  s i t e  should be r e fe renced .  Informa- 
t i o n  sources  may inc lude  v i s u a l  observat ion,s ,  f i l e s  of the waste 
gene ra to r  or  f a c i l i t y  owner, f i l e s  of l o c a l  o r  S t a t e  a u t h o r i t i e s ,  
geo log ica l  and meteorological  r e c o r d s ,  and the p ro jec t  f i l e s  d e a l i n g  
with s i t e  c h a r a c t e r i z a t i o n .  

Any obse rved .o r  r epor t ed  environmental  impacts i n  the v i c i n i t y  of the 
s i t e  o r  along the probable t r a n s p o r t  pathways should be r e f e r e n c e d .  

Any s p e c i f i c  d a t a  gaps should be no ted ,  and the approach t h a t  i s  being 
taken t o  f i l l  t hese  gaps should be d i scussed .  

3 . 2 . 3  Evaluat ion of E x i s t i n g  Data 

Analysis  and e v a l u a t i o n  of d a t a  c o l l e c t e d  i n  accordance with an approved 
sampling plan are e s s e n t i a l  s i t e  c h a r a c t e r i z a t i o n  a c t i v i t i e s .  However, i t  may 
a l s o  b e  necessa ry  t o  eva lua te  e x i s t i n g  d a t a  b e f o r e  sampling begins i n  ord.er t o  
develop an e f f e c t i v e  sampling plan.  S t a t i s t i c a l  a n a l y s i s  can show the need 
f o r  a d d i t i o n a l  d a t a  by examining the v a l i d i t y ,  s u f f i c i e n c y ,  and relevancy of 
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e x i s t i n g  d a t a .  Addit ional  sampling loca t ions '  can be included i n  the  a n a l y s i s  
t o  determine how they would a f f e c t  t he  accuracy of the s i t e  c h a r a c t e r i z a t i o n .  
In t h i s  way, s t a t i s t i c a l  techniques can be used t o  determine the optimum 
sampling l o c a t i o n s ,  thereby minimizing the  number of new sampling p o i n t s  
r e q u i r e d .  The r e s u l t s  of  t hese  ana lyses  should be included i n  the sampling 
p l an .  

3.2.3.1 Determining Data V a l i d i t y  

Because the  remedial i n v e s t i g a t i o n /  f e a s i b i l i t y  s tudy dec i s ion  process  
depends on d a t a  c o l l e c t e d  a t  the s i t e ,  q u a n t i t a t i v e  e v a l u a t i o n  of t he  v a l i d i t y  
of t he  d a t a  i s  e s s e n t i a l .  Va l ida t ion  ana lyses  should be performed on a l l  
e x i s t i n g  d a t a  be fo re  the sampling plan i s  developed t o  ensure t h a t  e r r o r s  a r e  
i d e n t i f i e d  and any necessary resampling is scheduled. 

Before e x i s t i n g  d a t a  are used,  t he  d a t a  and support ing documentation 
should be eva lua ted .  This e v a l u a t i o n  should be s i m i l a r  t o  a q u a l i t y  assurance 
a u d i t .  
a v a i l a b l e  : 

Data may be considered i n v a l i d  i f  t he  fol lowing information i s  not  

Sampling d a t e  

I d e n t i t y .  o f  sampling t eams .o r  person i n  charge 

Sampling l o c a t i o n  and d e s c r i p t i o n  

Sampling depth increment 

C o l l e c t  ion technique 

F i e l d  p repa ra t ion  ' technique 

Laboratory p repa ra t ion  technique 

Laboratory a n a l y t i c a l  methods 

Laboratory.  d e t e c t i o n  l i m i t s .  

Data v a l i d i t y  may a l s o  be checked using s t a t i s t i c a l  c r o s s - v a l i d a t i o n  
procedures (Devary and Hughes, 1984). These procedures involve p r e d i c t i n g  a 
d a t a  value f o r  one member of the populat ion from the  remaining members of  t he  
populat ion.  The d i f f e r e n c e  between t h e  measured and predicted d a t a  v a l u e  , 
when compared w i t h  the p r e d i c t i o n  u n c e r t a i n t y ,  may suggest  an i n v a l i d  d a t a  
po in t  or  an inaccura t e  c o n c e p t u a l i z a t i o n  of the phenomenon being s tud ied . .  For 
example, a measured surface-water flow r a t e  cons ide rab ly  h ighe r  than p red ic t ed  
o r  i n d i c a t e d  by d a t a  t r ends  could suggest  an erroneous d a t a  v a l u e ,  or  perhaps 
could be t h e  r e s u l t  of an as y e t  u n i d e n t i f i e d  phenomenon. 
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3 . 2 . 3 . 2  Determining Data Suf f i c i ency  

Determining d a t a  s u f f i c i e n c y  means answering the  q u e s t i o n ,  "DO t h e  
e x i s t i n g  d a t a  adequately c h a r a c t e r i z e  the  s i te?"  This de t e rmina t ion  e n t a i l s  
d e f i n i n g  the number of samples  of each ma t r ix  t h a t  are necessa ry  and s u f f i -  
c i e n t  t o  s a t i s f y  the  sampling o b j e c t i v e s .  S t a t i s t i c a l l y ,  d a t a  s u f f i c i e n c y  
involves  determining whether confidence l e v e l s  f o r  measured o r  p red ic t ed  
va lues  a r e  r igo rous  enough t o  s a t i s f y  r e g u l a t o r y  and engineer ing c r i t e r i a .  
For example, i t  might be mandated t h a t  the ground-water contaminant concen- 
t r a t i o n  near a water supply w i l l  be below EPA dr ink ing  water s t anda rds  wi th  
a s p e c i f i e d  c e r t a i n t y .  Various s t a t i s t i c a l  methods can be used t o  plan 
sampling t h a t  w i l l  e f f i c i e n t l y  meet t h i s  c e r t a i n t y  r equkemen t .  S i m i l a r l y ,  
t he  s e n s i t i v i t y  a n a l y s i s  may suggest t h a t  no a d d i t i o n a l  sampling i s  r equ i r ed  , 
i . e . ,  t he  added d a t a  w i l l  not s i g n i f i c a n t l y  reduce u n c e r t a i n t y .  The sampling 
plan should d i s c u s s  both such a n a l y s e s .  

S t a t i s t i c a l  methods a lone ,  however, may not be ab le  t o  address  a l l  
a s p e c t s  of d a t a  s u f f i c i e n c y ;  f o r  example, when s t a t i s t i c a l  ana lyses  i n d i c a t e  
the need f o r  an unreasonable number of samples, s c i e n t i f i c  i n s i g h t  i n t o  t h e  
phenomenon being s tud ied  may a l low r e d u c t i o n s .  Best eng inee r ing  judgment 
should be considered along with s t a t i s t i c a l  accuracy i n  determining the  s u f -  
f i c i e n c y  of  s i t e  c h a r a c t e r i z a t i o n  a c t i v i t i e s .  These judgments should be 
documented and summarized i n  the sampling p l a n .  

3 . 2 . 3 . 3  Determining Data S e n s i t i v i t y  

During t h e  i n i t i a l  phase of d a t a  e v a l u a t i o n ,  s e n s i t i v i t y  s t u d i e s  may be 
performed t o  determine the impact on s i t e  assessment i f  a d d i t i o n a l  sampling i s  
not performed. Methods are a v a i l a b l e  t h a t  may be used t o  c a l c u l a t e  t h e  range 
of probable va lues  a t  nonsampled l o c a t i o n s  and t o  determine the  e f f e c t  of t h i s  
u n c e r t a i n t y  on s i te  assessment;  one example of such methods i s  the  k r i g i n g  
technique of c o n d i t i o n a l  s imula t ion  f o r  ground water ( J o u r n a l  and H u i j b r e g t s ,  
1978). S e n s i t i v i t y  s t u d i e s  a l s o  permit the e v a l u a t i o n  of sampling p l ans  
without a c t u a l  performance of the  sampling. 

3 . 2 . 4  Determinat ion of Chemical Contaminants of I n t e r e s t  

S p e c i f i c a t i o n  of t he  hazardous substances t o  be  considered at  a s i t e  i s  
e s s e n t i a l  t o  scoping the  sampling and a n a l y s i s  program. The sampling plan 
should con ta in  a l i s t  of t h e  parameters f o r  which d a t a  a r e  needed. The waste 
c o n s t i t u e n t s  t h a t  are known t o  b e ,  or  a r e  l i k e l y  t o  be ,  found a t  each s i t e  ( o r  
a t  each major source wi th in  a s i t e )  and i n  surrounding,environmental media 
should be i d e n t i f i e d .  These may be i d e n t i f i e d  from s i t e  d a t a  d e f i n i n g  source 
c h a r a c t e r i s t i c s  i nc lud ing  r eco rds  i d e n t i f y i n g  wastes d e p o s i t e d ,  s i t e  h i s t o r y ,  
s i t e  o p e r a t i o n s  ( e  .g. , chemical manufactur ing,  metal  f i n i s h i n g )  , g e n e r a t o r s  'Of 
wastes depos i t ed  a t  the s i t e  ( e . g . ,  l i k e l y  producing p r o c e s s e s ) ,  e t c .  I f  
information on source c h a r a c t e r i s t i c s  i s  i n s u f f i c i e n t  t o  i d e n t i f y  a n a l y t e s  of  
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i n t e r e s t ,  cand ida te s  can be s e l e c t e d  f rom the  l i s t  of hazardous substances a s  
de f ined  i n  the Comprehensive Environmental Response, Compensation, and 
L i a b i l i t y  Act, s e c t i o n s  lOl(14) and 1 0 4 ( a ) ( 2 ) .  F i e l d  sc reen ing  methods may 
a l s o  be a p p r o p r i a t e  t o  determine the contaminants of i n t e r e s t .  Although c o s t  
i s  impor t an t ,  i t  is not adv i sab le  t o  l i m i t  t he  a n a l y t i c a l  parameters i f  d a t a  
sou rces  a r e  inadequate .  

I f  o n l y  s p e c i f i c  a n a l y t i c a l  parameters a r e  s e l e c t e d  , a s i t e  c h a r a c t e r i z a -  
t i o n  b i a s  may be introduced.  Sampling f o r  only the s e l e c t e d  parameters may 
then r e s u l t  i n  incomplete s i t e  c h a r a c t e r i z a t i o n .  A t rade-off  a n a l y s i s  should 
be performed of t h e  u n c e r t a i n t i e s  introduced by b i a sed  sampling and a n a l y s i s  
v e r s u s  t h e  need t o  l i m i t  sampling and a n a l y s i s  e f f o r t s  t o  those t h a t  a r e  
necessary and s u f f i c i e n t .  The o b j e c t i v e s  of t h e  remedial i n v e s t i g a t i o n  f o r  
which t h e  sampling e f f o r t  is  being planned are the b a s i s  fo r  t h i s  t rade-off  
a n a l y s i s .  

3.2.5 Determinat ion of  Sample Types 

The environmental  m a t r i c e s  t o  be sampled depend on the c h a r a c t e r i s t i c s  
of  t h e  source and the s i t e  environment,  a s  w e l l  a s  t he  purpose of t he  inves- 
t i g a t i o n .  The a p p r o p r i a t e n e s s  of biased or  unbiased sampling w i l l  a id  i n  
s e l e c t i n g  the ma t r ix  of i n t e r e s t .  The m a t r i c e s  chosen f o r  b i a sed  sampling 
would be those most l i k e l y  t o  provide p o s i t i v e  evidence of hazardous mate- 
r i a l s ,  probably a t  high c o n c e n t r a t i o n s .  Unbiased sampling would inc lude  
m a t r i c e s  from a l l  m i g r a t i o n  r o u t e s  t o  a thoroughly c h a r a c t e r i z e d  contaminant 
d i s t r i b u t i o n .  

The sampling plan should i d e n t i f y  the  number of each sample type t o  be 
c o l l e c t e d ,  d e s c r i b e  c o l l e c t i o n  methods, s p e c i f y  each sampling l o c a t i o n ,  and 
g i v e  a b r i e f  r a t i o n a l e  f o r  t he  s e l e c t i o n  of t he  l o c a t i o n .  ( S e l e c t i o n  i s  
d i scussed  i n  s e c t i o n  3 . 2 . 6 . )  Because some ana lyses  can be performed i n  t h e  
f i e l d  , t h e  plan should d i f f e r e n t i a t e  between those t h a t  w i l l  be conducted 
on - s i t e  and those t h a t  w i l l  be s e n t  t o  a l a b o r a t o r y .  

The o b j e c t i v e s  of t h e  remedial  i n v e s t i g a t i o n  determine the  t y p e s  .of 
samples t o  be c o l l e c t e d .  Ground-water and s u r  face-water 'problems r e q u i r e  many 
d a t a  i t e m s  i nc lud ing  source s t r e n g t h s  , d i s p o s a l  p r a c t i c e s  ( r e l e a s e  t i m e s  and 
d u r a t i o n s ) ,  water contaminat ion c o n c e n t r a t i o n s ,  precipitation/infiltration 
r a t e s ,  and a q u i f e r  c h a r a c t e r i s t i c s .  A i r  d e p o s i t i o n  problems r e q u i r e  such d a t a  
a s  source s t r e n g t h s ,  d i s p o s a l  p r a c t i c e s  ( r e l e a s e  times and d u r a t i o n ) ,  s o i l  
contaminat ion l e v e l s ,  a s  wel l  a s  me teo ro log ica l  information c o l l e c t e d  over 
s u f f i c i e n t l y  long t i m e  pe r iods .  Occasional ly ,  r ecep to r  sampling i s  necessary 
t o  d e f i n e  the e f f e c t s  of a hazardous waste s i t e  on the s u s c e p t i b l e  environ- 
ment. Fu r the r  , modeling s t u d i e s  may have information requirements  d i f f e r e n t  
from those f o r  e s t a b l i s h i n g  contaminant l e v e l s .  

Samples are g e n e r a l l y  of t he  following types :  

e Samples t o  c h a r a c t e r i z e  t h e  sou rce .  C h a r a c t e r i z a t i o n  of t he  source 
may r e q u i r e  ex tens ive  sampling i f  t r a n s p o r t  modeling f o r  remedial  
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a c t i o n s  , source c o n t r o l  measures , o r  removal o p e r a t i o n s  a r e  being 
considered.  

e Samples t o  c h a r a c t e r i z e  t r a n s p o r t  pathways. Evaluat ion of t he  t r ans -  
po r t  of hazardous substances from source t o  r e c e p t o r  may r e q u i r e  
e x t e n s i v e  a i r ,  surface-water ,  ground-water, s o i l ,  and sediment 
sampling . 

e Samples t o  d e f i n e  r e c e p t o r  impacts and e f f e c t s .  Assessments of 
exposure or  endangerment may r e q u i r e  c o l l e c t i o n  of f l o r a  and fauna a s  
r e c e p t o r  organisms. The major drawback of r e c e p t o r  s t u d i e s  i s  t h e  
l a r g e  u n c e r t a i n t y  a s s o c i a t e d  with uptake and dose mechanisms ; cause 
and e f f e c t  i s  very d i f f i c u l t  t o  prove with any c e r t a i n t y .  The b a s i c  
s t a t i s t i c a l  mechanism f o r  comparing d i f f e r e n c e s  between r e c e p t o r  tes t  
and c o n t r o l  ( o r  background) populat ions i s  t h e  modified S t u d e n t ’ s  
t-test fo r  unequal v a r i a n c e s  (Snedecor and Cochran, 1980).  

e Samples t o  conduct modeling s t u d i e s .  Successful  use of environmental  
models may r e q u i r e  media-specif ic  s t u d i e s  of a i r ,  s u r f a c e  water,  
ground wa te r ,  s o i l ,  o r  sediments .  

3 . 2 . 6  Determinat ion of Sampling Locat ions and Frequency 

The parameters of  a sampling program inc lude  the  t y p e s ,  l o c a t i o n s ,  and 
frequency of sampling. These parameters a r e  s i t e - s p e c i f i c .  Sampling loca- 
t i o n s  should be s p e c i f i e d  i n  the p l a n ,  p r e f e r a b l y  both i n  t a b l e s  and on maps, 
which should be based on a e r i a l  photography. Each sample l o c a t i o n  should a l s o  
be j u s t i f i e d .  Information i n  Ford, Turina and Seely (1983) provides  guidance 
on scoping a sampling p l an .  

The gene ra l  c r i t e r i a  f o r  sample l o c a t i o n  a r e :  ( 1 )  enough samples should 
be taken t o  d e l i n e a t e  t h e  source,  the s p a t i a l  e x t e n t  of contaminat ion,  a c t u a l  
( o r  p o t e n t i a l )  pathways through the  environment, t he  impact on s u s c e p t i b l e  
r e c e p t o r s ,  and t o  support  a n t i c i p a t e d  modeling needs,  and ( 2 )  t h e  number of  
samples should be minimized according t o  the “necessary and s u f f i c i e n t ”  
philosophy while s t i l l  meeting the  o b j e c t i v e s  of t he  i n v e s t i g a t i o n .  The 
sampling plan should c l e a r l y  s t a t e  l e v e l s  of confidence wi th in  which d a t a  w i l l  
be considered accu ra t e .  These l e v e l s  a r e  determined i n  p a r t  by t h e  o b j e c t i v e s  
of t he  s tudy and by g u i d e l i n e s  contained i n  the q u a l i t y  assurance p l an .  

The frequency of  sampling depends on the  s i t e  environment and the  most 
probable pathways f o r  t r a n s p o r t .  Pathways o r  r e c e p t o r s  a f f e c t e d  by seasona l  
v a r i a t i o n s  or  weather p a t t e r n s  may r e q u i r e  m u l t i p l e  sampling. Examples of 
m u l t i p l e  sampling a r e a s  inc lude  c rop  sampling over a growing season and 
surface-water sampling through seasonal  v a r i a t i o n s .  Hourly sampling may be 
r equ i r ed  t o  e v a l u a t e  environmental  v a r i a t i o n s  i n  t i d a l l y  in f luenced  a r e a s .  
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3.2.7 P r e p a r a t i o n  f o r  Sampling 

Adequate p r e p a r a t i o n  f o r  a f i e l d  sampling t r i p  i s  extremely important 
and should be s p e c i f i e d  i n  the  sampling plan.  The E P A ' s  Nat ional  Contract  
Laboratory Program (CLP) o r  o t h e r  q u a l i f i e d  l a b o r a t o r i e s  may conduct sample 
a n a l y s i s  fo r  Federal- lead p r o j e c t s .  S t a t e  or  p r i v a t e  p a r t i e s  must g e n e r a l l y  
procure q u a l i f i e d  l a b o r a t o r i e s  f o r  sample a n a l y s i s .  The fol lowing elements 
can a f f e c t  f i e l d  o p e r a t i o n s ,  s a f e t y ,  sample v a l i d i t y ,  and a n a l y t i c a l  r e s u l t s :  

Coordinat ion with a n a l y t i c a l  l a b o r a t o r i e s .  For Federal-lead s i t e s ,  
c o o r d i n a t i o n  with the CLP Sample Management Of f i ce  o r  with t h e  labora-  - 
t o r y  t h a t  w i l l  conduct the ana lyses  should begin du r ing  sampling plan 
p repa ra t ion .  L i m i t a t i o n s  on sampling due t o  l a b o r a t o r y  c a p a c i t y  o r  
s p e c i a l  sample requirements  may, r e q u i r e  schedul ing o r  sample col-  
l e c t i o n  mod i f i ca t ions .  F u r t h e r ,  the a n a l y t i c a l  c a p a b i l i t i e s  of t h e  
l a b o r a t o r y  should a l s o  be a s c e r t a i n e d  t o  enable  s e l e c t i o n  of t h e  
a p p r o p r i a t e  l a b o r a t o r y ;  fo r  example , c e r t a i n  a n a l y t i c a l  techniques 
such as  gas chromatography (GC) o r  mass spectrometry (MS) may not be 
a v a i l a b l e  from CLP l a b o r a t o r i e s .  The Sample Management Of f i ce  w i l l  
r e q u i r e  information on a n a l y t e s ,  m a t r i c e s ,  number of samples,  
approximate c o n c e n t r a t i o n s ,  and when samples w i l l  s t a r t  t o  a r r i v e .  
The name and shipping address  of t he  l a b o r a t o r y  t o  be used w i l l  be 
provided by the Sample Management Of f i ce .  Ana ly t i ca l  l a b o r a t o r i e s  
should be provided with the same information requested by t h e  Sample 
Management Of f i ce  fo r  a c t i o n s  c a r r i e d  ou t  by S t a t e s  o r  r e s p o n s i b l e  
p a r t i e s .  S i m i l a r l y ,  t hese  requirements  should a l s o  be m e t  where 
non-CLP l a b o r a t o r i e s  a r e  used i n  Federal-lead p r o j e c t s .  

Sample c o n t a i n e r s .  Containers  w i l l  be obtained from t h e  Sample 
Management Off i c e .  For r e spons ib l e  pa r ty  a c t  i ons  o r  non-CLP labo- 
r a t o r i e s ,  t he  l a b o r a t o r y  should provide c o n t a i n e r s  t h a t  have been 
cleaned according t o  U.S. EPA procedures.  S u f f i c i e n t  lead t i m e  should 
be  allowed. Container s p e c i f i c a t i o n s  w i l l  depend on the  a n a l y t e  and 
sample m a t r i x  types .  Shipping c o n t a i n e r s  f o r  samples ,  c o n s i s t i n g  o f  
s t u r d y  i c e  c h e s t s  with l o c k s ,  a r e  provided by t h e  remedial  i n v e s t i -  
g a t i o n  c o n t r a c t o r s .  

Equipment. A l l  equipment should be checked f o r  s e r v i c e a b i l i t y  p r i o r  
t o  packing. Before packing, t he  mode of  shipment should be s e l e c t e d  
and necessa ry  arrangements made, Motor f r e i g h t  w i l l  handle  some 
t h i n g s  t h a t  a i r  f r e i g h t  w i l l  n o t ;  a l s o ,  motor f r e i g h t  i s  less expen- 
s i v e  but  t a k e s  l o n g e r .  

On-site a n a l y t i c a l  equipment. A l l  i n s t rumen ta t ion  f o r  use on - s i t e  
should be checked and c a l i b r a t e d  be fo re  and a f t e r  shipping.  Appro- 
p r i a t e  s t a n d a r d s ,  s o l v e n t s ,  g l a s sware ,  and c l ean ing  m a t e r i a l s  should 
be shipped o r  acquired.  
schedules  and o t h e r  arrangements should be made. 

I f  a mobile l a b o r a t o r y  is  t o  be used o n - s i t e ,  

3-8 



c 

I C  

. 

0 P r o t e c t i v e  c l o t h i n g ,  s a f e t y  equipment. P r o t e c t i v e  c l o t h i n g  and s a f e t y  
equipment should be checked f o r  s e r v i c e a b i l i t y  be fo re  packing. 
Dup l i ca t ion  of necessa ry  equipment and spare  p a r t s  i s  e s s e n t i a l .  
S u f f i c i e n t  q u a n t i t i e s  should be packed t o  meet changing needs as w e l l  
a s  t o  r e p l a c e  damaged i t e m s .  

Record-keeping. Necessary l a b e l s  , shipping forms , chain-of-custody 
forms. e t c . .  should be ordered from t h e  Sample Management Of f i ce  o r  
from ;he l a b o r a t o r y .  P l en ty  of  l ead  t i m e  should be-allowed. 

Cleaning m a t e r i a l s .  D i s t i l l e d  wa te r ,  paper towels ,  e t c . ,  may be pur -  
chased l o c a l l y .  A sample of  t he  d i s t i l l e d  water can be s e n t  t o  the  
l a b  f o r  a n a l y s i s  as a f i e l d  blank.  

P r e s e r v a t i o n  materials. P r e s e r v a t i v e s  should be a v a i l a b l e  i n  ample 
q u a n t i t i e s  f o r  t he  r equ i r ed  number and type of samples. 

Packing mater ia ls .  Vermicu l i t e ,  p a i n t  c a n s ,  p l a s t i c  bags ,  t a p e ,  and 
shipping l a b e l s  should be a v a i l a b l e  fo r  t h e  numbers of samples  and 
shipping c o n t a i n e r s  expected.  

3 .2 .7 .1  *Development of Operat ional  P l ans  f o r  Sampling 

C l e a r l y  s p e c i f i e d  r e s p o n s i b i l i t i e s  and procedures c o n t r i b u t e  t o  c o s t -  
e f f e c t i v e  and s a f e  f i e l d  sampling. A sampling l o g i s t i c s  plan should con ta in  
the fol lowing elements:  

0 Team members.' Team members should be chosen and n o t i f i e d  as f a r  i n  
advance as p o s s i b l e  t o  ensure a v a i l a b i l i t y  of t h e  r equ i r ed  e x p e r t i s e .  
The team leade r  and o t h e r  team members should have input  t o  the  sam- 
p l ing  plan.  Each team member should be t r a i n e d  i n  f i e l d  procedures 
and equipment o p e r a t i o n ,  e s p e c i a l l y  if new techniques o r  s p e c i a l  
procedures w i l l  be used. 

Documentation. Ev iden t i a ry  (chain-of-custody) requirements  demand 
ex tens ive  paperwork and documentation. A l l  paperwork (sample s h e e t s  , 
l a b e l s ,  shipping forms, log books, e t c . )  should be i d e n t i f i e d  i n  t h e  
sampling p l a n ,  and forms obtained w e l l  be fo re  the t r i p .  (See U . S .  
EPA, 1982b, f o r  more information.)  Sampling team members should be 
f a m i l i a r  with t h e  r equ i r ed  documentation be fo re  they go i n  the  f i e l d .  

Equipment. A l i s t  of  equipment r equ i r ed  i n  the  f i e l d  and a set of 
procedures f o r  using the equipment should be provided. All equipment 
should be t e s t e d  and checked f o r  o p e r a b i l i t y  and s a f e t y  b e f o r e '  f i e l d  
u s e .  

Sampling o r d e r .  Using a map of  sample l o c a t i o n s  and type of samples,  
an "operat ions"  plan should be devised t o  use team members most 
e f f e c t i v e l y  i n  the  f i e l d .  
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Decontaminat ion .  S p e c i f i c  decon tamina t ion  p rocedures  and equipment 
should  be s p e c i f i e d ,  chosen ,  and o b t a i n e d  p r i o r  t o  t h e  t r i p .  D i sposa l  
o f  decontaminated  c l o t h i n g ,  s o l u t i o n s  , e tc  . , should  be a r r anged  i n  
advance.  D i sposa l  p e r m i t s  o r  c l e a r a n c e  o f  p rocedures  by S t a t e  
a g e n c i e s  may be n e c e s s a r y .  

3 . 2 . 7 . 2  Summary of  Guidance on Weights and Volumes of Equipment 
and S u p p l i e s  

T y p i c a l  sampling e f f o r t s  need l a r g e  volumes and heavy we igh t s  of  equip-  
ment and s u p p l i e s .  T h e r e f o r e ,  p l a n n e r s  o f  i n v e s t i g a t i o n  a c t i v i t i e s  must 
c o n s i d e r  t h e  t i m e  r e q u i r e d  f o r  s h i p p i n g  and s h i p p i n g  c o s t s .  Good p lann ing  
e n s u r e s  t ime ly  d e l i v e r y  of m a t e r i a l s  a t  t h e  s i t e .  Cos t s  should  be minimized 
w i t h i n  t h e  t i m e  c o n s t r a i n t s  imposed by m a t e r i a l  a v a i l a b i l i t y  and s i t e  needs .  
A l l  s h i p p i n g  should  conform t o  Department o f  T r a n s p o r t a t  ion  r e g u l a t i o n s  
(40  CFR 1 7 2 ) .  

F i e l d  a c t i v i t y  p l ann ing  must a l s o  c o n s i d e r  shipment  of .samples  t o  t h e  
l a b o r a t o r y .  Many samples  have l i m i t e d  h o l d i n g  t i m e s  a f t e r  which a n a l y t i c a l  
r e s u l t s  a r e  s u s p e c t .  T h e r e f o r e ,  t h e  method of shipment  w i l l  be de te rmined  
based on a p p l i c a b l e  h o l d i n g  t i m e s .  Such ar rangements  should  be made i n  
advance o f  f i e l d  a c t i v i t i e s  t o  p reven t  d e l a y s  i n  t h e  f i e l d .  The a n a l y t i c a l  
l a b o r a t o r y  may be a b l e  t o  p rov ide  g u i d a n c e  on a p p l i c a b l e  and r e l i a b l e  shipment  
methods .  

3 . 3  FACTORS TO CONSIDER I N  A SAMPLING PUN 

The sampling p l a n  should  c o n s i d e r  t h e  r e q u i r e m e n t s  f o r  documenta t ion ,  
e f f i c i e n c y ,  and s a f e t y .  The d e g r e e  t o  which t h e s e  a s p e c t s  a r e  addres sed  i n  
t h e  sampl ing  p l a n  v a r i e s  from s i t e  t o  s i t e .  A t  a minimum, record-keeping ,  
q u a l i t y  a s s u r a n c e / q u a l i t y  c o n t r o l ,  h e a l t h  and s a f e t y ,  pe r sonne l  r e q u i r e m e n t s ,  
and decontamination/disposal app ly  t o  a l l  s i t e s .  

3 . 3 . 1  Record-keeping 

Because a l l  d a t a  and means of  d a t a  c o l l e c t i o n  may be  used f o r  e v i d e n c e ,  
a r i g i d  system is  needed f o r  d a t a  and a c t i v i t y  documenta t ion  and record-  
keep ing .  The EPA C o n t r a c t  L a b o r a t o r y  Program h a s  e s t a b l i s h e d  s t a n d a r d  
o p e r a t i n g  p rocedures  f o r  sampl ing  documenta t ion .  The fo l lowing  documents ,  
forms ,  l a b e l s ,  and o t h e r  r e c o r d s  have  been  found u s e f u l  by CLP and should  be 
s p e c i f i e d  i n  t h e  sampling p l a n :  

e Organic  t r a f f i c  r e p o r t s  ( F i e l d  Sample Record and T r a n s m i t t a l /  
Submission form f o r  samples  f o r  o r g a n i c  a n a l y s e s )  
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Inorganic  t r a f f i c  r e p o r t s  ( F i e l d  Sample Record and T r a n s m i t t a l l  
Submission form f o r  samples f o r  inorganic  ana lyses )  

High-hazard t r a f f i c  r e p o r t s  ( F i e l d  Sample Record and T r a n s m i t t a l l  
Submission form f o r  any sample suspected of con ta in ing  a t  l e a s t  
15 percent  contaminat ion)  

Sample t a g s l c u s t o d y  s e a l s  

Chain-of-custody forms 

F i e l d  log books 

0 Other special  logs  and/or forms. 

The sampling plan should al low adequate time and l abor  f o r  handl ing the  
paperwork a s s o c i a t e d  with f i e l d  e x e r c i s e s .  For l a r g e  sampling e f f o r t s ,  one 
fu l l - t ime  member per  sampling team i s  necessa ry ;  f o r  smaller  e f f o r t s ,  about a 
20 t o  25 percent  i nc rease  i n  sampling time should be allowed f o r  documen- 
t a t  i on .  

3.3.2 Related Management P l a n s  

The sampling plan should inc lude  sampling q u a l i t y  assurance and h e a l t h  
and s a f e t y  p l ans .  These plans are p a r t  of t he  o v e r a l l  and s i t e - s p e c i f i c  
q u a l i t y  assurance and h e a l t h  and s a f e t y  programs desc r ibed  i n  c h a p t e r s  4 
and 5 ,  r e s p e c t i v e l y .  

3.3.3 S p e c i f i c a t i o n  of  Sampling Personnel  

A s  a r u l e ,  sampling and o t h e r  f i e l d  work should be conducted by expe- 
r i enced  personnel who a r e ,  a t  a minimum: 

Thoroughly f a m i l i a r  with f i e l d  sampling procedures ,  p ro toco l s  , and 
anc ill a r y  requirement s 

Involved i n  a h e a l t h  and s a f e t y  monitor ing program ( i n c l u d i n g  appro- 
pr ia te  t r a i n i n g  ) 

Able t o  work as p a r t  of an organized team 

Avai lable  f o r  t he  e n t i r e  sampling t r i p .  
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The fol lowing sampling team func t ions  , major c r i t e r i a ,  d u t i e s ,  and 
r e s p o n s i b i l i t i e s  w i l l  normally be s p e c i f i e d  w i t h i n  a sampling plan:  

Team Leader.  Performs background r e s e a r c h ;  s e l e c t s  team'; p repa res  
sampling o p e r a t i o n a l  p l a n ;  b r i e f s  team; hand les  on - s i t e  pub1 i c  
a f f a i r s ;  accep t s  and releases samples and paperwork; g e n e r a t e s  
d e l i v e r a b l e s  and r e p o r t s  

Equipment O f f i c e r .  C o l l e c t s ,  checks , packs , s h i p s  a l l  equipment and 
s u p p l i e s ;  c a l i b r a t e s  i n s t rumen t s ;  provides s u p p l i e s  and spare pa r t s ;  
i s  r e s p o n s i b l e  f o r  a i r  tanks , decontamination , sample c o n t a i n e r s  

S i t e  S a f e t y  O f f i c e r .  Prepares  s a f e t y  p l an ;  b r i e f s  and t r a i n s  team; 
ove r sees  decontaminat ion;  ove r sees  h e a l t h  a s p e c t s  of work; performs 
em e r g  enc y p r oc ed u r  e s 

Record Custodian.  Maintains f i e l d  notebooks,  l o g s ,  sample l a b e l s ,  and 
custody forms; oversees  sample packing and sh ipp ing  

Work P a r t y  ( a s  n e c e s s a r y ) .  Works wi th in  t h e  c o n t r o l l e d  access  zone 
under t h e  d i r e c t  obse rva t ion  of one o r  more of the team p r i n c i p a l s .  

I n d i v i d u a l  team members may perform s e v e r a l  of t h e s e  f u n c t i o n s ,  espe- 
c i a l l y  a t  s m a l l  s i t e s .  However, f o r  s a f e t y  r easons ,  t h e  minimum team s i z e  i s  
t h r e e :  one person o u t s i d e  the  con t ro l l ed -access  zone and a t  l e a s t  two people 
wi th in  the  zone o p e r a t i n g  according t o  t h e  "buddy system." 

3.3.4 Decontamination and Disposal  

Almost a l l  on - s i t e  a c t i v i t i e s  r e q u i r e  sme type of p r o t e c t i o n /  
decontaminat ion procedures f o r  personnel and equipment. The sampling plan 
should address  a t  least  the  fol lowing:  

Decontamination equipment should be ready t o  use b e f o r e  s i t e  e n t r y .  
Decontamination s o l u t i o n s  should be s p e c i f i e d  i f  t h e  type of  contami- 
n a t i o n  i s  known. 

Equipment should be decontaminated a f t e r  each sample t o  avoid cross-  
contaminat ion.  

a Contaminated equipment, c l o t h i n g ,  and decontaminat ion s o l u t i o n s  should 
be disposed of on - s i t e .  I f  t h i s  is unacceptable ,  a l t e r n a t i v e  d i s p o s a l  
should be arranged b e f o r e  work s t a r t s .  

0 
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3.4 SPECIFICATION OF SAMPLING PROCEDURES 

i 

A complete protocol  and step-by-step procedure f o r  each f i e l d  e x e r c i s e  o r  
sample c o l l e c t i o n  w i l l  be included i n  the  sampling plan.  Gene ra l ly ,  sampling 
may involve any o r  a l l  of t h e  fol lowing m a t r i c e s :  

1. Source Sampling 

0 Drums and tanks 

0 Impoundments, lagoons,  and seeps 

0 Sol id  waste 

0 Highly contaminated media near  sou rces .  

2.  Ground-Water Sampl ing 

0 Monitoring w e l l s  

0 Production wells 

0 Domestic s u p p l i e s .  

3. Surface-Water Sampling 

0 Ponds and l a k e s  

0 Streams 

0 Runoff and s p r i n g s .  

4. S o i l  and Sediment Sampling 

0 Bottom sediments 

0 Grab samples 

0 Core samples 

0 Samples f o r  physical  measurements. 

5 .  A i r  Sampling 

0 Monitoring' s t a t i o n s  

0 Point  samples 

0 Composite c o l l e c t i o n  samples .  
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6. B i o l o g i c a l  Sampling 

0 F l o r a  samples 

0 Fauna samples. 

For complete d e s c r i p t i o n s  of methoLs and procedures , t he  user  i s  r e f e r r e d  
t o  U.S. EPA (1982b,c) ,  American Pub l i c  Health Assoc ia t ion  (1980);  Ford,  
Tur ina ,  and See ly  (1983);  Mason (1983);  U.S. EPA (19711, and American Soc ie ty  
f o r  Tes t ing  Materials (1974).  

3 . 5  DATA ACCEPTABILITY AND UTILITY 

The d e s i g n  of sampling plans should ensure t h a t  d a t a  w i l l  be accep tab le  
and usab le .  S t a t i s t i c a l  ana lyses  s imilar  t o  those used t o  e v a l u a t e  e x i s t i n g  
d a t a  ( s e c t i o n  3 .2 .3 )  should u l t i m a t e l y  be app l i ed  t o  the r e s u l t s  of t.he 
remedial  i n v e s t i g a t i o n  s i t e  c h a r a c t e r i z a t i o n  e f f o r t .  Recognizing t h i s ,  t h e  
i n v e s t i g a t o r  should review the sampling plan t o  ensure t h a t  i t  cons ide r s  
s t a t i s t i c a l  uses and q u a l i t y  c o n t r o l f q u a l i t y  a s su rance .  

3.6 ESTIMATING EFFORTS REQUIRED FOR SAMPLING PLAN DEVELOPMENT 

The g e n e r a l  o r g a n i z a t i o n  and key elements of t he  sampling plan a r e  
d i scussed  i n  s e c t i o n s  3.2 and 3.3.  The personnel and e x p e r t i s e  r equ i r ed  t o  
prepare each of t hese  elements of t he  sampling plan a r e  summarized i n  
Table  3-1 and d i scussed  below. 

e Background. S i t e  background information may r e q u i r e  input  from 
s e v e r a l  t e c h n i c a l  d i s c i p l i n e s ,  depending on the problems a t  the s i t e  
and t h e  l e v e l  of d e t a i l  of e x i s t i n g  information.  Personnel t r a i n e d  i n  
geology, hydrology, meteorology, environmental  chemis t ry ,  and biology 
should be a b l e  t o  d i s c u s s  e x i s t i n g  c o n d i t i o n s ,  sou rces ,  pathways, and 
e f f e c t s .  

0 Eva lua t ion  of e x i s t i n g  d a t a .  S t a f f  members with backgrounds i n  
s t a t i s t i c s  and g e o s t a t i s t i c s  should be a b l e  t o  d i s c u s s  d a t a  v a l i d i t y ,  
r e l evancy ,  and s u f f i c i e n c y .  An a n a l y s i s  of t he  e f f e c t  on assessments 
and subsequent s i t e  i n v e s t i g a t i o n  may a l s o  r e q u i r e  inpu t s  from 
g e o l o g i s t s ,  chemis t s ,  o r  environmental  e n g i n e e r s ,  depending on s i t e  
c o n d i t i o n s .  

0 Determinat ion of a n a l y t e s  of i n t e r e s t .  S t a f f  members with e x p e r t i s e  
i n  environmental  chemistry,  a n a l y t i c a l  chemistry,  and toxicology - .  

should i d e n t i f y  a n a l y t e s  of i n t e r e s t  and d e s c r i b e  p r e s e r v a t i o n ,  
hand l ing ,  c o n t a i n e r s ,  and methods. 
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TABLE 3-1. APPROPRIATE TECHNICAL D I S C I P L I N E S  FOR SAMPLING PLAN PREPARATION 

A p p r o p r i a t e  D i s c i p l i n e  

Sampling Env i ron-  Env i ron-  
P l a n  A n a l y t i c a l  menta l  m e n t a l  

Element Biology Chemistry Chemistry Engineer ing  Geology Hydrology Hygiene Meteorology S t a t i s t i c s  
Ind us t r i a  1 

Background X X X X X 

S t a t i s t i c a l  
A n a l y s i s  of 
E x i s t i n g  Data 

Determina t  ion 
of Anal y t e s  
of I n t e r e s t  

D e t e r m i n e t i o n  
of Sample 
Types X 

D e t e r m i n a t i o n  
of Sampl i n g  
Locat ion  and 
Frequency X 

P r e p a r a t i o n  
for Sampling 
E p i s o d e s  

Q u a l i t y  
Assurance /  
Q u a l i t y  
C o n t r o l  

X x X X 

X X 

X 

X X X 

X X 

X 

X 

X 

X 

X X X 

S a f e t y  P lan  X 



Determinat ion of sample t y p e s .  This s e c t i o n  of t he  sampling plan may 
r e q u i r e  inpu t s  from a v a r i e t y  of  t e c h n i c a l  d e s c i p l i n e s .  A d i s c u s s i o n  
of  b i a sed  ve r sus  unbiased sampling approaches must be prepared by a 
s t a t  i s  t i c  i an  or geos t a t  i s  t ican . Discussions of p a r t i c u l a r  env i ron-  
mental  media ( w a t e r ,  a i r ,  s o i l ,  b i o t a )  should be prepared by geolo- 
g i s t s ,  h y d r o l o g i s t s ,  environmental  e n g i n e e r s ,  o r  b i o l o g i s t s ,  as 
a p p r o p r i a t e .  

0 Determinat ion of sampling l o c a t i o n s  and frequency. S t a t i s t i c i a n s f  
g e o s t a t i s t i c i a n s  , g e o l o g i s t s ,  h y d r o l o g i s t s ,  environmental eng inee r s  , 
and/or  b i o l o g i s t s  W i l l  have input  i n t o  t h i s  s e c t i o n  of  t h e  sampling 
p l an .  

0 P r e p a r a t i o n  f o r  sampling ep i sodes .  P r o j e c t  management should prepare 
the  programmatic a s p e c t s  of t h i s  s e c t i o n .  Procedural a s p e c t s  con- 
ce rn ing  a c q u i s i t i o n ,  packaging, shipment,  e t c . ,  should be d i scussed  by 
a s e n i o r  sampling t e c h n i c i a n .  
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CHAPTER 4 

DATA MANAGEMENT PROCEDURES 

4 . 1  INTRODUCTION 

A r emed ia l  i n v e s t i g a t i o n  may i n v o l v e  many a g e n c i e s  , c o n t r a c t o r s  , and 
o t h e r  e n t i t i e s ,  a l l  o f  which g e n e r a t e  e x t e n s i v e  i n f o r m a t i o n .  This c h a p t e r  
o u t l i n e s  procedures  t o  e n s u r e  t h a t  t h e  q u a l i t y  and i n t e g r i t y  o f  t h e  d a t a  
c o l l e c t e d  a r e  ma in ta ined  f o r  a f e a s i b i l i t y  s t u d y  and /o r  f o r  any legaJ or  cost  
r ecove ry  a c t i o n s .  The d i s p o s i t i o n  of  d a t a  d u r i n g  an R I ,  a s  w e l l  Bs any 
s p e c i a l  d a t a  hand l ing  procedures  , a r e  d e s c r i b e d  i n  t h i s  c h a p t e r .  

The fo l lowing  d i s c u s s i o n  is  d i v i d e d  i n t o  t h r e e  s e c t i o n s :  

0 Overview of  d a t a  management p r o t o c o l s  and g u i d e l i n e s  

0 Data management r equ i r emen t s  f o r  s p e c i f i c  R I  t a s k s  

0 F i n a n c i a l  and p r o j e c t  t r a c k i n g .  

4 .2  OVERVIEW OF DATA MANAGEMENT PROTOCOLS AND GUIDELINES 

Two main t y p e s  o f  i n f o r m a t i o n  a s s o c i a t e d  wi th  an R I  must be documented.  
The f i r s t  type  of  i n f o r m a t i o n  compr ises  t e c h n i c a l  d a t a  t h a t  a r e  e i t h e r  
r e q u i r e d  f o r  o r  g e n e r a t e d  by  a s p e c i f i c  R I  t a s k  such a s  scoping  or s i t e  
c h a r a c t e r i z a t i o n .  This  i n f o r m a t i o n  i n c l u d e s  bo th  f i e l d  d a t a  ( e . g .  , samples ,  
sample t a g s ,  f i e l d  log  books) and d a t a  r e s u l t i n g  from subsequent  l a b o r a t o r y  or 
e n g i n e e r i n g  a n a l y s e s  ( e . g .  , g r a p h s  o r  modeling r e s u l t s ) .  

The second t y p e  o f  i n f o r m a t i o n  c o n s i s t s  o f  d a t a  t h a t  must be t r a c k e d  t o  
m o n i t o r ,  manage, and document t h e  a c t u a l  performance o f  t he  R I  t a s k s .  Th i s  
i n f o r m a t i o n ,  c a l l e d  p r o j e c t  t r a c k i n g  d a t a ,  u s u a l l y  i n c l u d e s  schedu les  , c o s t  
e s t i m a t e s  , t e c h n i c a l  p r o g r e s s  r e p o r t s ,  and f i n a n c i a l  management r e p o r t s .  
Table  4-1 l i s t s  examples o f  t h e  t e c h n i c a l  and management d o c m e n t a t i o n  t h a t  
a r e  u s u a l l y  n e c e s s a r y .  

S p e c i f i c  d a t a  management p r o t o c o l s  and g u i d e l i n e s  should b e  fo l lowed i n  
d o c m e n t i n g  t h e  two primary t y p e s  o f  i n f o r m a t i o n .  These p r o t o c o l s  e n s u r e  t h a t  
t h e  v a l i d i t y  o f  t h e  d a t a  i s  sa fegua rded  f o r  d e c i s i o n s  made du r ing  t h e  f e a s i -  
b i l i t y  s tudy  and f o r  any f u t u r e  l e g a l  o r  a d m i n i s t r a t i v e  a c t i o n s  such a s  c o s t  
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TABLE 4-1. EXAMPLES OF R I  SUPPORT DOCUMENTATION 

F i e l d / L a b o r a t o r y  Documenta t ion  

P r o j e c t / F i e l d  Log Books 
Sample Tags 
Sample Data  S h e e t s  and Logs 
Chain-of-Custody R e c o r d s ,  S e a l s  
R e c e i p t  of Sample Forms 
L a b o r a t o r y  Log Books 
L a b o r a t o r y  Data, C a l c u l a t i o n s ,  Graphs 

R I  Manaeement Renorts 

D r a f t  / F i  na 1 Work PL an(  s) 
H e a l t h /  S a f e t y  P l a n  
Sampling P l a n  , 

Q u a l i t y  A s s u r a n c e / Q u a l i t y  C o n t r o l  P l a n  
Data Management P l a n  
P r o j e c t  Management P1 an 

R I  Task  R e p o r t s  

S i t e  D e s c r i p t i o n  
Contaminat  ion  Assessment  
Envi ronmenta l  Assessment  
P u b l i c  H e a l t h  Assessment  
End ang e m en t Ass e s smen t 
D r a f t  / F i n a l  R I  Repor t  

T e c h n i c a l  P r o g r e s s  and F i n a n c i a l  R e p o r t s .  

Monthly T e c h n i c a l  P r o g r e s s  Report  
Monthly F i n a n c i a l  P r o g r e s s  Report  
C u m u l a t i v e  P r o j e c t  Cost Report  
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r ecove ry .  Such p r o t o c o l s  and gu idance  have been e s t a b l i s h e d  b y  t h e  EPA and 
i n c l u d e  t h e  N a t i o n a l  Enforcement I n v e s t i g a t i o n s  Cen te r  (NEIC) P o l i c i e s  and 
Procedures  Manual (U.S .  EPA, 1981b) and t h e  I n t e r i m  G u i d e l i n e s  and S p e c i f i c a -  
t i o n s  f o r  P r e p a r i n g  Q u a l i t y  Assurance P r o j e c t  P l a n s  (U.S. EPA, 1 9 8 0 ~ )  which 
d e s c r i b e  d e t a i l e d  p rocedures  f o r  sample i d e n t  i f  i c a t  i on  , c hain-o f-c us  t od y , 
document c o n t r o l ,  and q u a l i t y  a s s u r a n c e .  This  gu idance  should  be c o n s u l t e d  
p r i o r  t o  p l ann ing  any R I  a c t i v i t i e s  o r  e s t a b l i s h i n g  R I  p rocedures .  

Although not  n e c e s s a r i l y  d i f f e r e n t  from o t h e r  i n f o r m a t i o n ,  some d a t a  , 
documents,  and o t h e r  m a t e r i a l s  may be c o n f i d e n t i a l  e i t h e r  f o r  b u s i n e s s  
s e c u r i t y  ( e . g . ,  . t r a d e  s e c r e t s )  o r  l e g a l  r e a s o n s .  These m a t e r i a l s  should  be 
t r e a t e d  a c c o r d i n g  t o  g u i d e l i n e s  provided  by  c a s e  a t t o r n e y s  o r  o u t l i n e d  i n  t h e  
fo l lowing  p u b l i c a t i o n s  : 

e 

e 

e 

e 

e 

It 

TSCA C o n f i d e n t i a l  Bus iness  In fo rma t ion  S e c u r i t y  Manual ( U .  S. EPA, 
1 9 8 1 ~ )  

C o n t r a c t o r  Requirements  f o r  t h e  Con t ro l  and S e c u r i t y  of  TSCA 
C o n f i d e n t i a l  Bus iness  In fo rma t ion  ( U . S .  EPA, 1981a)  

D r a f t  C o n t r a c t o r  Requirements  f o r  t h e  Con t ro l  and S e c u r i t y  o f  RCRA 
C o n f i d e n t i a l  Bus iness  In fo rma t ion  (U.S .  EPA, 1984d) 

D r a f t  RCRA C o n f i d e n t i a l  Bus iness  I n f o r m a t i o n  S e c u r i t y  Manual (U.S .  
EPA, 1 9 8 4 ~ )  

FIFRA C o n f i d e n t i a l  Bus iness  I n f o r m a t i o n  S e c u r i t y  Manual (U. S. EPA, 
1 9 8 1 f ) .  

is  d i f f i c u l t  t o  e s t i m a t e  t h e  l e v e l  o f  e f f o r t  r e q u i r e d  f o r  d a t a  manage- 
ment ,  b u t  e x p e r i e n c e  has  shown t h a t  5 t o  10 p e r c e n t  o f  ;he t o t a l  e f f o r t  f o r -  
t h e  R I  i s  a p p r o p r i a t e .  Fol lowing t h e  g u i d e l i n e s  d e s c r i b e d  i n  t h i s  s e c t i o n  
w i l l  min imize  t h e  g e n e r a t i o n  o f  d a t a  t h a t  a r e  not  s c i e n t i f i c a l l y  nor  l e g a l l y  
d e f e n s i b l e  and c o n s e q u e n t l y  reduce  t h e  d a t a  management e f f o r t .  

This s e c t i o n  h i g h l i g h t s  and sumnar izes  t h e  fundamental  components o f  good 
d a t a  management p r a c t i c e s .  The components d i s c u s s e d  i n c l u d e  d a t a  p r o c e s s i n g  
and s t o r a g e  and q u a l i t y  a s s u r a n c e .  

4 . 2 . 1  Data P r o c e s s i n e  and S t o r a g e  

The two t y p e s  of  d a t a  a s s o c i a t e d  wi th  t h e  R I  ( d a t a  r e q u i r e d  t o  perform a 
s p e c i f i c  a c t i v i t y  o r  d a t a  g e n e r a t e d  b y  t h e  a c t i v i t y )  must be a c c u r a t e l y  commu- 
n i c a t e d  and p r o p e r l y  managed. Data p r o c e s s i n g  and s t o r a g e  a r e  e s s e n t i a l  t o  
p r e s e r v e  bo th  t h e  r e s u l t s  of  t h e  i n d i v i d u a l  t a s k  and t h e  i n p u t s  f o r  o t h e r  
t a s k s  s t i l l  t o  be conducted .  Moreover,  t h e  i n f o r m a t i o n  must be c a r e f u l l y  
documented t o  suppor t  any f u t u r e  l e g a l  o r  a d m i n i s t r a t i v e  a c t i o n s  t h a t  may be  
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t a k e n .  These a c t i o n s  may not  occur  f o r  y e a r s  a f t e r  t h e  d a t a  have been g a t h -  
e r e d .  Thus,  i t  i s  c r u c i a l  t h a t  r e c o r d s  be s u f f i c i e n t l y  d e t a i l e d  t o  p rov ide  a 
complete  and a c c u r a t e  h i s t o r y  o f  d a t a  g a t h e r i n g  and r e s u l t s .  

This  s e c t i o n  focuses  on t h e  p r e c a u t i o n s  and e s s e n t i a l  s t e p s  t o  be  t a k e n  
i n  d a t a  p r o c e s s i n g  and s t o r a g e .  The t o p i c s  covered  i n c l u d e :  

0 Documenting f i e l d  measurements and o b s e r v a t i o n s  

e Sample i d e n t i f i c a t i o n  and cha in-of -cus tody  

0 Document c o n t r o l  , i n v e n t o r y ,  and f i l i n g  sys t ems .  

These t h r e e  t o p  
any R I .  

4 . 2 . 1  

c s  p rov ide  t h e  b a s i s  f o r  a documenta t ion  sys tem s u i t a b l e  f o r  

1 Documenting F i e l d  Measurements and Obse rva t ions  

A l l  f i e l d  measurements  and o b s e r v a t i o n s  should  be r eco rded  i n  p r o j e c t  l o g  
books, f i e l d  d a t a  r e c o r d s ,  o r  s i m i l a r  t ypes  of  record-keeping  books .  F i e l d  
measurements  i n c l u d e  pH, t e m p e r a t u r e ,  c o n d u c t i v i t y ,  wa te r  f l ow,  and c e r t a i n  
a i r  q u a l i t y  p a r a m e t e r s .  All d a t a  must be  r eco rded  d i r e c t l y  and l e g i b l y  i n  
f i e l d  log  books wi th  a l l  e n t r i e s  s igned  and d a t e d .  I f  e n t r i e s  must be  
changed ,  t h e  change should  no t  obscu re  t h e  o r i g i n a l  e n t r y .  The r e a s o n  f o r  t h e  
change should  be s t a t e d ,  and t h e  change and e x p l a n a t i o n  should  be s igned  and 
d a t e d  o r  i d e n t i f i e d  at_ t h e  t i m e  t h e  change i s  made. F i e l d  d a t a  r e c o r d s  shou ld  
be o rgan ized  i n t o  s t a n d a r d  fo rma t s  whenever p o s s i b l e ,  and r e t a i n e d  i n  
permanent f i l e s  such a s  t h o s e  d e s c r i b e d  i n  s e c t i o n  4 .2 .1 .3 ,  which d i s c u s s e s  
document c o n t r o l  , i n v e n t o r y  t r a c k i n g ,  and f i l i n g  sys t ems .  

4 . 2 . 1 . 2  Sample I d e n t i f i c a t i o n  and Chain-of-Custody 

F i e l d  samples  should  be i d e n t i f i e d  b y , a  sample t a g  o r  o t h e r  a p p r o p r i a t e  
l a b e l i n g  t echn ique  ( t h i s  t e x t  r e f e r s  t o  a l l  such  t e c h n i q u e s  a s  sample t a g s ) .  
The i n f o r m a t i o n  on t h e  sample t a g  should  i n c l u d e :  t h e  d a t e  and t i m e  t h e  
sample was c o l l e c t e d ,  t h e  sampling l o c a t i o n  o r  s t a t i o n  and c r o s s - r e f e r e n c e  t o  
t h e  sampling p l a n ,  t h e  name o f  t h e  i n d i v i d u a l  c o l l e c t i n g  t h e  sample ,  and any  
p e r t i n e n t  remarks .  Copies o f  t h e  sample t a g s  should  be  s t o r e d  i n  a permanent 
f i l e  ma in ta ined  f o r  t h e  s i t e  ( s e e  s e c t i o n  4 . 2 . 1 . 3 ) .  

Samples and d a t a  from samples  a r e  o f t e n  used a s  l e g a l  e v i d e n c e .  There- 
f o r e ,  sample p o s s e s s i o n  must be t r a c e a b l e  from t h e  time t h e  sample is  c o l -  
l e c t e d  o r  deve loped  u n t i l  it and t h e  d e r i v e d  d a t a  a r e  i n t r o d u c e d  as ev idence  
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i n  l e g a l  proceedings,  Chain-of-custody procedures should be followed t o  
document sample possession.  A sample i s  considered under your custody i f :  

. 
It ‘is i n  your posses s ion ,  o r  

It i s  i n  your view, a f t e r  being i n  your posses s ion ,  or 

It i s  i n  your possession and you locked it up, or 

It is i n  a designated secu re  a r e a .  

Chain-of-custody procedures should be e s t a b l i s h e d  f o r  each R I  and should 
address : 

F i e l d  custody procedures 

Trans fe r  of custody and shipment 

Receipt of samples 

Laboratory custody procedures.  

Sample i d e n t i f i c a t i o n  and chain-of-custody procedures a r e  e s t a b l i s h e d  i n  
the  National Enforcement I n v e s t i g a t i o n s  Center P o l i c i e s  and Procedures Manual 
(U.S. EPA, 1981b); t h i s  document should be consu l t ed  i n  e s t a b l i s h i n g  such 
procedures.  Any documentat ion a s soc ia t ed  with these  procedures ( e  .g . ,. chain-  
of-custody records o r  r e c e i p t s  f o r  sample forms) should a l s o  be placed i n  a 
permanent p r o j e c t  f i l e  . 

4.2.1.3 Document Control , Inven to ry ,  and F i l i n g  S y s t e m s  

Precaut ions should be taken i n  the a n a l y s i s  and s t o r a g e  o f  t h e  d a t a  
c o l l e c t e d  during an R I  t o  prevent the i n t r o d u c t i o n  of e r r o r s  or t he  loss o r  
m i s i n t e r p r e t a t i o n  of d a t a .  The d a t a  s t o r a g e  and information system should be 
capable  o f :  

Receiving a l l  d a t a  

Screening and v a l i d a t i n g  d a t a  t o  i d e n t i f y  and r e j e c t  o u t l i e r s  or 
e r r o r s  

P repa r ing ,  s o r t i n g ,  and e n t e r i n g  a l l  d a t a  i n t o  t h e  d a t a  s t o r a g e  f i l e s  
( e i t h e r  computerized o r  manual) 
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Providing s t o r e d  d a t a  p o i n t s  with a s soc ia t ed  q u a l i t y  a s s u r a n c e / q u a l i t y  
c o n t r o l  (QAIQC) " l a b e l s  , I 1  which can i n d i c a t e  the l e v e l  of  confidence 
o r  q u a i i t y  of t he  d a t a .  These l a b e l s  should:  

- I n d i c a t e  what QA/QC a c t i v i t i e s  were included i n  the major s t e p s  o f  
t h e  monitor ing process  

- Q u a n t i t a t i v e l y  d e s c r i b e  t h e  p rec i s ion /accuracy  of  the a n a l y s i s  

- Make d a t a  a v a i l a b l e  t o  users 

0 Assuring e f f i c i e n c y  i n  d a t a  s e c u r i t y  and d i s c l o s u r e .  

S p e c i f i c  requirements and procedures f o r  t hese  a s p e c t s  of  d a t a  processing w i l l  
be desc r ibed  i n  t h e  QA p l an  prepared f o r  t h e  p r o j e c t .  A member of t he  p r o j e c t  
team should be des igna ted  t o  e s t a b l i s h  and ma in ta in  the document c o n t r o l  sys-  
t e m  f o r  t he  d u r a t i o n  of t h e  i n v e s t i g a t i o n .  

The document i n v e n t o r y l f i l i n g  sys tems should be based on s e r i a l l y  num- 
bered documents. These sys t ems  may be manual o r  automated. A suggested 
s t r u c t u r e  and sample c o n t e n t s  of  a f i l e  f o r  Superfund a c t i v i t i e s  a r e  shown i n  
Table 4-2. Regardless of t h e  type of  document c o n t r o l  system used, i t  should 
be p ro tec t ed  from i n t e n t i o n a l  o r  a c c i d e n t a l  d e s t r u c t i o n  o r  damage. 
t h e  c a s e  of enforcement a c t i o n s ,  an a t t o r n e y  may d e s i g n a t e  po r t ions  of t h e  
f i l e  as  "enforcement s e n s i t i v e  .I1 These documents should be maintained 
s e p a r a t e l y .  

Often i n  

4.2.2 Q u a l i t y  Assurance/Qual i ty  Control  (QA/QC) 

Decisions concerning t h e  c o n t r o l  and management of hazardous subs t ances  
documented i n  t h e  f e a s i b i l i t y  s tudy  o r  t he  need f o r  l e g a l  a c t i o n s  a r e  based 
on a n a l y t i c a l  d a t a  generated d u r i n g  t h e  R I .  Because such d e c i s i o n s  can be no 
b e t t e r  than t h e  d a t a  on which they  a r e  based,  t he  q u a l i t y  of t he  d a t a  mus t  
be ensured.  A comprehensive and well-documented QA program is e s s e n t i a l  t o  
o b t a i n i n g  p r e c i s e  and accu ra t e  d a t a  t h a t  a r e  s c i e n t i f i c a l l y  and l e g a l l y  
d e f e n s i b l e .  The concepts  o u t l i n e d  i n  the  QA program m u s t  be considered i n  
d e c i s i o n s  about t he  s e l e c t i o n  of s i tes  f o r  sampling; t h e  frequency of 
sampling; the number of  samples t o  be c o l l e c t e d ;  t he  procedures involved i n  
t h e  c o l l e c t i o n ,  p r e s e r v a t i o n ,  and t r a n s p o r t  of samples; t h e  c a l i b r a t i o n  and 
maintenance of i n s t rumen t s ;  and the  p rocess ing ,  v e r i f i c a t i o n ,  and r e p o r t i n g  
o f  the d a t a .  S p e c i f i c  QA/QC requirements  apply t o  s e v e r a l  sampling and s i t e  
c h a r a c t e r i z a t i o n  R I  a c t i v i t i e s .  

The o b j e c t i v e s  of sampling q u a l i t y  assurance a r e :  (1) t o  ensure t h a t  t h e  
procedures used w i l l  not d e t r a c t  from the  q u a l i t y  of  r e s u l t s ,  and ( 2 )  t o  
ensure t h a t  a l l  a c t i v i t i e s ,  f i n d i n g s ,  and r e s u l t s  fol low an approved plan and 
are documented. These o b j e c t i v e s  d i c t a t e  t h a t  much of t he  sampling q u a l i t y  
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TABLE 4-2. OUTLINE OF THE FILE STRUCTURE FOR THE SUPERFUND SITES 

1. Congressional I n q u i r i e s l H e a r i n g s  

e Correspondence 
e T r a n s c r i p t s  
0 Testimony 
0 Published hear ing r eco rds  

2 .  Remedial Response 

0 Discovery 

- I n i t i a l  i n v e s t i g a t i o n  r e p o r t s  - Prel iminary assessment r e p o r t  
- S i t e  i n s p e c t i o n  r e p o r t  
- Hazardous ranking s y s t e m  
- Sampling and a n a l y s i s  d a t a  

e Remedial Planning 

- Correspondence - 
- Remedial i n v e s t i g a t i o n / f e a s i b i l i t y  s tudy  r e p o r t s  
- Health and s a f e t y  plan - Qual i ty  a s s u r a n c e / q u a l i t y  c o n t r o l  p l an  

Work plans f o r  remedial investigation/feasibility study 

0 Remedial Implementation 

- Remedial design r e p o r t s  - P e r m i t s  
- Cont rac to r  work plans and progress  r e p o r t s  
- Corps of Engineers agreements,  r e p o r t s ,  and correspondence 

0 S t a t e  and Other Agency Coordination 

Correspondence 
Cooperative agreementlsuperfund S t a t e  c o n t r a c t  
S t a t e  q u a r t e r l y  r e p o r t s  
S t a t u s  of S t a t e  assurances 
Interagency agreements 
Memorandum of Understanding with S t a t e  

(cont inued)  
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TABLE 4 - 2 .  ( cont inued)  

3 .  

4 .  

5 .  

6. 

0 Community Re la t ions  

- Correspondence 
- Community r e l a t i o n s  p l an  
- L i s t  of people t o  c o n t a c t ,  e . g . ,  

- Meeting summaries 
- Press r e l e a s e s  
- News c l i p p i n g s  

em ironmental  groups 

Imagery 

e Photographs 
0 I l l u s t r a t i o n s  
0 Other g raph ic s  

Enforcement 

0 S t a t u s  r e p o r t s  
0 Cross-reference t o  any c o n f i d e n t i a l  

0 Correspondence 
0 Adminis t ra t ive o r d e r s  

con tac t  

Contracts  

0 S i t e - s p e c i f i c  c o n t r a c t s  
0 Procurement packages 
0 Contract s t a t u s  n o t i f i c a t i o n s  
0 L i s t  of c o n t r a c t o r s  

F inanc ia l  T ransac t ions  

0 Cross-reference t o  o t h e r  f inanc-a1 
0 Contractor  c o s t  r e p o r t s  
0 Audit reports 

l o c a l  o f f i c i a l s ,  c i v i c  l e a d e r s ,  

enforcement f i l e s  and person t o  

e s  anc person t o  con tac t  
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a s s u r a n c e  e f f o r t  be made b e f o r e  t h e  f i e l d  work. 
p recede  sampl ing  i n c l u d e :  

A c t i v i t i e s  t h a t  s h o u l d  - 

0 P r e p a r i n g  w r i t t e n  p r o t o c o l s  f o r  a l l  a c t i v i t i e s  

I 
I -  

o T r a i n i n g  a l l  f i e l d  team members t o  use  the  e q u i p n e n t ,  p r o c e d u r e s ,  and 
document a t  i o n  

0 Ensur ing  t h a t  a l l  c o n t a i n e r s  and equipment have been p r o p e r l y  c l e a n e d  
and are a p p r o p r i a t e  f o r  m a t r i c e s  and a n a l y t e s  o f  i n t e r e s t  

0 Ensur ing  c o o r d i n a t i o n  wi th  t h e  l a b o r a t o r y .  

A d i s t i n c t i o n  should  be made between f i e l d  q u a l i t y  c o n t r o l  and l a b o r a t o r y  
q u a l i t y  c o n t r o l .  Any l a b o r a t o r y  a n a l y z i n g  samples  from hazardous  was te  s i t e s  
w i l l  have an a s s o c i a t e d  q u a l i t y  c o n t r o l  program ( i n  t h e  c a s e  o f  t h e  C o n t r a c t o r  
L a b o r a t o r y  Program, t h i s  program i s  s t a n d a r d ) ,  and i t  i s  tempt ing  t o  r e l y  on 
t h e  l a b o r a t o r y  f o r  a l l  q u a l i t y  c o n t r o l .  However, the  l a b o r a t o r y ' s  program 
p r o v i d e s  adequa te  q u a l i t y  c o n t r o l  f o r  t h e  a n a l y t i c a l  f u n c t i o n  o n l y  and c a n n o t  
be used t o  e n s u r e  t h e  q u a l i t y  o f  t h e  e n t i r e  sampling and a n a l y s i s  p r o c e s s .  
Consequen t ly ,  t h e  sampling p l an  should  p r o v i d e  f o r  adequa te  " f i e l d  q u a l i t y  
co 'n t ro l"  t o  permi t  e v a l u a t i o n  o f  t h e  v a l i d i t y  o f  r e s u l t s .  

In a d d i t i o n  t o  p r o v i s i o n s  f o r  q u a l i t y  c o n t r o l  , sampl ing  q u a l i t y  a s s u r a n c e  
should  s p e c i f y  a system o f  q u a l i t y  a s s u r a n c e  procedures  , checks  , a u d i t s  , and 
c o r r e c t i v e  a c t i o n s  t h a t  i s  s p e c i f i c  t o  t h e  s i t e  a c t i v i t i e s .  

The purpose  of  s i t e  c h a r a c t e r i z a t i o n  q u a l i t y  a s s u r a n c e  and c o n t r o l  i s  t o  
e n s u r e  t h a t  th+e d a t a  c o l l e c t e d  are  of  known and s u f f i c i e n t  q u a l i t y  t o  assess  
c o n t a m i n a t i o n  a t  t h e  s i t e  q u a l i t a t i v e l y  and q u a n t i t a t i v e l y .  QA/QC c o n t r o l  f o r  
s i t e  c h a r a c t e r i z a t i o n  .encompasses  two impor t an t  a s p e c t s  : 

e Records o f  t r a c e a b i l i t y  and adherence  t o  p r e s c r i b e d  p r o t o c o l s  , 
comple te  d e s c r i p t i o n s  o f .  r e l a x e d  o r  l a x  q u a l i t y  c o n t r o l  , and 
c o r r e c t i v e  . a c t  ions  

Data on t h e  q u a l i t y  of t h e  d a t a  c o l l e c t i o n  and a n a l y s e s ,  d e f i c i e n c i e s  
t h a t  m a y . . a f f e c t  q u a l i t y ,  and t h e  u n c e r t a i n t y  l i m i t s  f o r  r e s u l t s .  

Thus, t h e  q u a l i t y  a s s u r a n c e / q u a l i t y  c o n t r o l  p l a n  shou ld  a d d r e s s  a t  l e a s t  
t h e  fo l lowing  e l emen t s  : 

0 O b j e c t i v e s  o f  QAIQC 

e QAIQC a s p e c t s  of  measurements  , sampling , and a n a l y t i c a l  p rocedures  
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0 C a l i b r a t i o n ,  p reven t ive  ma in tenance ,  and c o r r e c t i v e  main tenance  
p rocedures  

t 

0 Data r e d u c t i o n  and i n t e r p r e t a t i o n  procedures  

Q u a l i t y  a s s u r a n c e / q u a l i t y  c o n t r o l  performance a u d i t s ,  c o r r e c t i v e  
a c t  i o n s ,  and v e r i f i c a t i o n s  

0 Documentation and document c o n t r o l  f o r  QA/QC 

0 Personne l  r e s p o n s i b l e  f o r  QA/QC t a s k s .  

Because t h e  pr imary a i m  o f  t h e  q u a l i t y  a s s u r a n c e / q u a l  i t y  c o n t r o l  program 
i s  t o  e n s u r e  t h a t  t h e  d a t a  a r e  r e l i a b l e ,  r a t h e r  t han  t o  e n s u r e  t h a t  a poor ly  
conducted  program i s  adequa te ly  documented, t h e  QA/QC a s p e c t s  o f  s i t e  cha rac -  
t e r i z a t i o n  should  be planned i n  advance a s  an i n t e g r a l  p a r t  of t h e  i n v e s t i g a -  
t i o n .  F a c t o r s  t h a t  must be c o n s i d e r e d  i n  t h i s  p l ann ing  i n c l u d e  an e v a l u a t i o n  
o f  t h e  t y p e s  of  d a t a  needed,  t h e  r e q u i r e d  l e v e l  of  c e r t a i n t y ,  and t h e  a v a i l a -  
b i l i t y  o f  d a t a  c o l l e c t i o n  and assessment  procedures  t h a t  can p rov ide  t h e  
d e s i r e d  l e v e l  o f  r e l i a b i l i t y  c o s t  e f f e c t i v e l y .  These q u a l i t y  a s s u r a n c e /  
q u a l i t y  c o n t r o l  f a c t o r s  v a r y  a c c o r d i n g  t o  t h e  i n v e s t i g a t i o n  phase .  For 
example,  t h e  u n c e r t a i n t y  l i m i t s  demanded f o r  d a t a  du r ing  an i n i t i a l  i n v e s t i -  
g a t i o n  ( i  . e . ,  f o r  e s s e n t i a l l y  q u a l i t a t i v e  a s ses smen t s )  may be much b r o a d e r  
t h a n  t h o s e  r e q u i r e d  du r ing  d e t a i l e d  a s s e s s m e n t s .  The e s s e n t i a l  po in t  i s  t h a t  . 
d a t a  l i m i t a t i o n s  must be known and must be i n  acco rdance .wi th  t h e  " n e c e s s a r y  
and s u f f i c i e n t "  ph i losophy govern ing  R I  p l ann ing  and a c t i v i t i e s .  

. .  ' 

4.3 DATA MANAGEMENT REQUIREMENTS FOR SPECIFIC R I  TASKS 

The fo l lowing  d i s c u s s i o n  o u t l i n e s  d a t a  management g u i d e l i n e s  and 
procedures  t h a t  app ly  t o  R I  a c t i v i t i e s  d e s c r i b e d  i n  o t h e r  c h a p t e r s  o f  t h i s  
document.  These i n c l u d e :  

Scoping 

S i t e  c h a r a c t e r i z a t i o n  and sampling 

0 H e a l t h l s a f e t y  programs 

0 I n s t i t u t i o n a l  i s s u e s  

0 P i l o t -  and bench-scale  s t u d i e s .  

P rocedures  f o r  t h e  d i s p o s i t i o n  o f  d a t a  and any s p e c i a l  d a t a  hand l ing  a r e  
p r e s e n t e d  i n  t h i s  sect i o n .  This in fo rma t  ion  is o r i e n t e d  toward Government- 
l e a d  p r o j e c t s  ( F e d e r a l  o r  S t a t e ) .  P r i v a t e l y - l e a d  a c t i o n s  may d i f f e r  i n  t h e  
p rocedures  employed and r e p o r t s  r e q u i r e d ;  however , t h e  gu idance  i n  t h i s  
s e c t i o n  i n d i c a t e s  t h e  g e n e r a l  methods t o  be used .  
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4 .3 .1  

. .  

Data  Management f o r  Scoping  

Scoping o b j e c t i v e s  and a c t i v i t i e s  a r e  d e s c r i b e d  i n  c h a p t e r  2 .  Scoping i s  
t h e  i n i t i a l  s t e p  o f  a remedia l  r e s p o n s e ,  and t h e  e x i s t i n g  s i t e  d a t a  g a t h e r e d  
and a s s e s s e d  d u r i n g  scoping  d e f i n e  t h e  subsequent  t a s k s .  

The most impor t an t  i n f o r m a t i o n  o r  r e p o r t s  produced t o  suppor t  and 
document t h e  scoping  t a s k  i n c l u d e :  

e S i t e  background,  i n c l u d i n g  a d e s c r i p t i o n  o f  t h e  problem 

e S i t e  chronology 

0 S i t e  map 

0 S i t e - s p e c i f i c  p l ans  f o r  Q A f Q C ,  h e a l t h  and s a f e t y ,  i n s t i t u t i o n a l  
i s s u e s ,  and management p rocedures  

0 Sampling p l a n  and map 

0 F i n a l  R I  work p l a n s .  

The e x t e n s i v e  i n f o r m a t i o n  assembled i n  p r e p a r i n g  t h e s e  r e p o r t s  should  be  sys-  
t e m a t i c a l l y  f i l e d  so t h a t  i t  can be r e a d i l y  procured  i f  needed t o  suppor t  t h e  
c o n c l u s i o n s  of  t h e  f e a s i b i l i t y  s t u d y .  Suggested f i l i n g  and document c o n t r o l  
systems a r e  d e s c r i b e d  i n  s e c t i o n  4 . 2 . 1 .  The r a t i o n a l e ,  r e s u l t s ,  and c o s t s  o f  
scoping  and o t h e r  R I  t a s k s  should  a l s o  be documented t o  s u p p o r t  any f u t u r e  
l e g a l  o r  a d m i n i s t r a t i v e  a c t i o n s .  

4 .3 .2  Data  Management' f o r  S i t e  C h a r a c t e r i z a t i o n  and Sampling 

S i t e  c h a r a c t e r i z a t i o n  and sampl ing  a r e  conducted t o  v e r i f y  e x i s t i n g  d a t a  
and t o  f i l l  d a t a  gaps  f o r  subsequent  and c o n c u r r e n t  R I  work. Guidance on con- 
d u c t i n g  s i t e  c h a r a c t e r i z a t i o n  and sampl ing  i s  p resen ted  i n  c h a p t e r s  3 and 7. 
Documentation and record-keeping  p rocedures  a r e  most impor t an t  d u r i n g  s i t e  
c h a r a c t e r i z a t i o n  and sampling because  t h e s e  s t e p s  produce t h e  b a s i c  d a t a  used 
i n  making a l l  subsequent  d e c i s i o n s ,  i n c l u d i n g  remedia l  t echno logy  s e l e c t i o n  
and enforcement  programs.  

The most impor tan t  a s p e c t s  o f  d a t a  management i n  t h e s e  s t e p s  a r e :  

c 

I '  ~- 
e QAfQC p l a n s  - t o  p rov ide  r e c o r d s  o f  t r a c e a b i l i t y ,  adherence  t o  

p r e s c r i b e d  p r o t o c o l s ,  nonconformi ty  e v e n t s  , c o r r e c t i v e  a c t i o n s  , and 
i n h e r e n t  d a t a  d e f i c i e n c i e s  
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0. Data s e c u r i t y  sys tem - t o  e n s u r e  t h a t  r e c o r d s  cannot  be  tampered w i t h  
or a c c i d e n t a l l y  l o s t  or damaged 

D e t a i l e d  work p l a n  - t o  m a i n t a i n  t iming  and s c h e d u l i n g  r equ i r emen t s  
w i th  f i e l d  work, l a b o r a t o r i e s ,  h o l d i n g  times, and d a t a  tu rna round  

Sampling p l a n  - t o  p rov ide  sampling gu idance  and t o  a d d r e s s  a l l  
e l emen t s  s p e c i f i e d  i n  c h a p t e r  3. 

4 . 3 . 3  Data Management f o r  H e a l t h  and S a f e t y  Programs 

An a p p r o p r i a t e  h e a l t h  and s a f e t y  program i n c l u d e s  t h e  fo l lowing  elements : 

A s t a t e m e n t  of  p o l i c y  

A med ica l  s u r v e i l l a n c e  program and i n s u r a n c e  p l a n  

A t r a i n i n g  program f o r  p r o j e c t  p e r s o n n e l  

A management p l a n  t h a t  d e f i n e s  r e s p o n s i b i l i t i e s  and a u t h o r i t i e s  f o r  
h e a l t h  and s a f e t y  f u n c t i o n s  

Hea l th  and s a f e t y  mon i to r ing  and s t a n d a r d  o p e r a t i n g  p rocedures  

Equipnent  procurement ,  i n v e n t o r y ,  and ma in tenance  

Finergency r e sponse  p rocedures  

D o c m e n t a t  ion  and r e c o r d s  management p rocedures  

E x i s t i n g  programs a r e  based on wide ly  accep ted  p r a c t i c e s  such a s  t h o s e  
found i n  t h e  S a f e t y  Manual f o r  Hazardous Waste S i t e  I n v e s t i g a t i o n s  ( U . S .  EPA, 
1979a ) .  Hea l th  and s a f e t y  program documenta t ion  o f  p a r t i c u l a r  impor tance  
d u r i n g  R I  ac  t i v  i t  ies i n c l  udes : 

P h y s i c i a n s  ' r e p o r t s  

S i t e - s p e c i f i c  h e a l t h  and s a f e t y  p l a n  

S i t e  v i s i t o r s '  l og  

Pe r sonne l  m o n i t o r i n g  r e s u l t s  

I n c i d e n t  r e p o r t s  

Nonconformity r e p o r t s  

S i t e  S a f e t y  O f f i c e r ' s  d a i l y  l o g  

Team l e a d e r  l o g  
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e Equipment c a l i b r a t i o n  l o g s  

e Personne l  t r a i n i n g  documenta t ion .  

F u r t h e r  i n f o r m a t i o n  on t h e s e  a s p e c t s  o f  t h e  h e a l t h  and s a f e t y  program i s  
provided  i n  c h a p t e r  5 .  

One unusual  r equ i r emen t  of d a t a  management f o r  h e a l t h  and s a f e t y  programs 
i s  long-term d a t a  s t o r a g e .  D e l e t e r i o u s  h e a l t h  e f f e c t s  from c o n t a c t  w i t h  
haza rdous  m a t e r i a l s  may not  show up f o r  many y e a r s .  Data  must u s u a l l y  be 
s t o r e d  f o r  more than  30 y e a r s  i n  o r d e r  t o  document p r e v i o u s  exposure  t o  
hazardous  m a t e r i a l s .  These d a t a  cou ld  h e l p  de t e rmine  i f  t h e  employee ' s  poor 
h e a l t h  i n  l a t e r  y e a r s  is r e l a t e d  t o  expsoure .  
t i a l i t y  of  p e r s o n a l  h e a l t h  s t a t u s ,  r e c o r d s  should  be k e p t  i n  t h e  p e r s o n n e l  
f i l e s  r a t h e r  t han  s i t e  f i l e s .  

I n  o r d e r  t o  e n s u r e  conf iden -  

4 .3 .4  Data  Management f o r  I n s t i t u t i o n a l  I s s u e s  

As exp la ined  i n  c h a p t e r  6 of  t h i s  document,  Superfund r emed ia l  a c t i v i t i e s  
i n v o l v e  i n s t i t u t i o n a l  r equ i r emen t s  i n c l u d i n g :  

e S i t e  a c c e s s  

e Community r e l a t i o n s  p l ann ing  

e Coord ina t ion  w i t h  o t h e r  EPA o f f i c e s ,  F e d e r a l  a g e n c i e s ,  and S t a t e s .  

P rope r  documenta t ion  o f  a c t i o n s  r e l a t e d  t o  t h e s e  i s s u e s  w i l l  h e l p  minimize  
d e l a y s  i n  t h e  l a t e r  phases  of  r emed ia l  p l ann ing  and implementa t ion .  Equa l ly  
i m p o r t a n t ,  t h i s  documenta t ion  makes i t  p o s s i b l e  t o  r e c o n s t r u c t  t h e  e v e n t s  i f  
EPA or i t s  r e p r e s e n t a t i v e s  are p resen ted  wi th  any l e g a l  c h a l l e n g e s  r e l a t e d  t o  
t h e i r  conduct  of  t he  R I .  

The e v e n t s  l e a d i n g  t o  s i t e  a c c e s s  and t h e  n a t u r e  of  t h e  a c c e s s  (volun-  
t a r y ,  nonvo lun ta ry ,  emergency) should  b e  c l e a r l y  r eco rded  and t h i s  r e c o r d  
c a r e f u l l y  s t o r e d  i n  case i t  is r e q u i r e d  a t  a l a t e r  d a t e .  Any agreements  
r e g a r d i n g  t h e  l i a b i l i t y  of  EPA or i t s  r e p r e s e n t a t i v e s  d u r i n g  t h e  R I  should  
a l s o  be documented and s a f e l y  s t o r e d .  

Many r equ i r emen t s  p e r t a i n  t o  community r e l a t i o n s  d u r i n g  t h e  R I  phase .  
The C o w u n i t y  R e l a t i o n s  P l a n  is  a g u i d e  t o  a l l  community r e l a t i o n s  a c t i v i t i e s  
a t  a s i t e .  A l l  a c t i o n s  t aken  i n  accordance  wi th  t h i s  p l a n  should  be docu- 
mented and t h e  r e c o r d s  s t o r e d  , b u t  p a r t i c u l a r  a t t e n t i o n  should  be g i v e n  t o  
r e c o r d i n g  a c t i o n s  des igned  t o  inform t h e  p u b l i c  about  work a t  t h e  s i t e  and 
p u b l i c  comments. The p u b l i c  comments a r e  a c r i t i c a l  i n p u t  t o  t h e  "Respon- 
s i v e n e s s  Summary" t h a t  must be completed f o r  t h e  f e a s i b i l i t y  s t u d y .  
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F i n a l l y ,  a w r i t t e n  record should be prepared documenting the  coord ina t ion  
of  e f f o r t s  by EPA and i t s  r e p r e s e n t a t i v e s  with o t h e r  EPA o f f i c e s ,  Fede ra l  
a g e n c i e s ,  o r  S ta tes .  Again, r e c o n s t r u c t i o n  of even t s  may r e q u i r e  the  exam- 
i n a t i o n  of  t h e  procedures used. 

4.3.5 Data Management f o r  Bench- and P i l o t - S c a l e  S t u d i e s  

Bench- and p i l o t - s c a l e  s t u d i e s  a r e  performed t o  determine the  proper 
t r ea tmen t  of hazardous wastes on a s i t e - s p e c i f i c  b a s i s .  The gene ra l  approach 
t o  bench and p i l o t  s t u d i e s  i s  desc r ibed  i n  c h a p t e r  8 .  

A comprehensive d a t a  management plan should be completed be fo re  the 
i n i t i a t i o n  o f  any bench- o r  p i l o t - s c a l e  s tudy.  This d a t a  management plan 
should inc lude  : 

Deta i l ed  work p l an  by t a s k ,  i nc lud ing  estimates of t he  c o s t s ,  
man-hours, and schedule  

Statement of o b j e c t i v e s ,  i n d i c a t i n g  the  intended purpose of the work, 
such a s  a f e a s i b i l i t y  s tudy o r  a d e s i g n  s tudy.  Adequacy o f  sampling 
should a l s o  be addressed 

0 Q u a l i t y  c o n t r o l  and q u a l i t y  assurance procedures 

Methods f o r  d a t a  c o l l e c t i o n ,  r e d u c t i o n ,  v a l i d a t i o n ,  s t o r a g e ,  and 
t r a n s f e r  

Cri ter ia  f o r  technology s e l e c t i o n  o r  e l i m i n a t i o n .  

The b a s i c  d a t a  management concepts  f o r  bench and p i l o t  s t u d i e s  are 
s imi la r  t o  those  f o r  f i e l d  sampling procedures .  It i s  very important t h a t  
t h i s  information be w e l l  documented because i t  i s  the  b a s i s  f o r  t h e  des ign  o r  
s e l e c t i o n  of remedial  t echno log ie s .  

4.4 FINANCIAL AND PROJECT TRACKING 

The a b i l i t y  t o  manage and e v a l u a t e  p rogres s  during an R I  depends on the  
a v a i l a b i l i t y  of  the a p p r o p r i a t e  f i n a n c i a l  and p r o j e c t  t r a c k i n g  da t a .  The 
c o l l e c t i o n ,  documentation, and r e p o r t i n g  of t h e s e  d a t a  should take a s y s t e m s  
approach, i nc lud ing  the fol lowing b a s i c  elements : 

Deta i l ed  work p l an  by t a s k ,  i nc lud ing  e s t i m a t e s  of t h e  c o s t s ,  
man-hours, and schedule  a s s o c i a t e d  with each t a s k  

0 Deta i l ed  p r o j e c t  t r a c k i n g  r e p o r t s .  
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. Since RIs a r e  g e n e r a l l y  conducted by s e v e r a l  p a r t i e s ,  i nc lud ing  EPA 
c o n t r a c t o r s  and s u b c o n t r a c t o r s ,  S t a t e  c o n t r a c t o r s ,  and r e s p o n s i b l e  p a r t i e s ,  
t he  procedures used t o  document, r e p o r t ,  and t ' rack t h e s e  d a t a  va ry  g r e a t l y .  
One e f f e c t i v e  approach is desc r ibed  i n  the  model s ta tement  of  work (SOW) 
included i n  Appendix A. The f i n a l  work p l an  developed by the  remedial  
planning c o n t r a c t o r  and approved by EPA and/or t he  s t a t e  should d e t a i l  t h e  
schedule f o r  each R I  t a s k .  

P r o j e c t  t r ack ing  r e p o r t s  a r e  c r i t i c a l  f o r  t r ack ing  both f i n a n c i a l  and 
t e c h n i c a l  progress .  EPA has developed t h r e e  monthly s t a t u s  r e p o r t s  t y p i c a l l y  
submitted by 20 ca l enda r  days a f t e r  the end of each r e p o r t i n g  pe r iod .  
a r e  : 

They 

Monthly Work Assignment Technical S t a t u s  Report 

Monthly Work Assignment F i n a n c i a l  S t a t u s  Report 

0 Cumulative P r o j e c t  Costs Graph. 

Suggested formats f o r  t hese  r e p o r t s  a r e  given as  Tables 4-3 and 4 - 4 ,  and 
Figure 4-1. 

The s p e c i f i c  procedures f o r  R I s  conducted by o t h e r  p a r t i e s  should be 
s imilar  t o  those f o r  the Federal-lead R I s  b u t  a l low f o r  s p e c i a l  requirements  
r e l a t i n g  t o  agreements, c o n t r a c t s ,  o r  arrangements.  For example, S t a t e - l ead  
R I s  a r e  conducted under a Cooperative Agreement. Gene ra l ly ,  EPA and the  S t a t e  
s i g n  a s e p a r a t e  agreement €or  each s i t e ,  and the  r e p o r t i n g  p rov i s ions  i n  t h e  
agreement can v a r y .  
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TABLE 4 - 3 .  SAMPLE STATUS REPORT FORMAT 

MONTHL’I WORK ASSIGNMENT TECHNICAL STATUS REPORT 

WORK ASSIGNMENT NUMBER: 

SITE NAMEIACTIVITY: 

PREPARED BY: 

DATE : 

PERIOD (Month, Year):  

COPIES : 

1. 

2 .  

3 .  

4 .  

5 .  

6. 

Progress  Made This  Report,ing Pe r iod  - Desc r ip t ion  of progress  made du r ing  
the  r e p o r t i n g  period , i nc lud ing  problem a reas  encountered and 
recommendations. 

Problems Resolved - R e s u l t s  obtained r e l a t i n g  t o  p rev ious ly  i d e n t i f i e d  
problem a r e a s .  

An t i c ipa t ed  Problem Areas and Recommended S o l u t i o n s  - Ant ic ipa t ed  
problems and recommendations inc lud ing  t e c h n i c a l  , c o s t  , and schedul ing 
i m p l i c a t i o n s  f o r  r e s o l u t i o n .  Actual or pro jec t ed  overruns should be 
d i scussed  h e r e .  

De l ive rab le s  Submitted - Del ive rab le s  completed and a n t i c i p a t e d ,  
i nc lud ing  d e l i v e r a b l e s  t o  be submit ted,  d a t e s  of a n t i c i p a t e d  s u b m i t t a l s ,  
and reasons i f  due d a t e s  have been ( o r  need t o  be) r e v i s e d .  

Upcoming E v e n t s / A c t i v i t i e s  Planned - Important upcoming d a t e s  , meetings , 
h e a r i n g s ,  e t c .  Major t a s k s  t o  be performed wi th in  the  next  r e p o r t i n g  
pe r iod ,  i d e n t i f i c a t i o n  of d e c i s i o n  p o i n t s .  

Key Personnel  Changes - Any changes i n  key personnel  ass igned t o  the 
work. 

( con t inued)  
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TABLE 4-3. ( cont inued)  

7 .  Subcontract ing - Extent of subcon t rac t ing  and r e s u l t s  achieved. E f f o r t s  
made toward small bus iness ,  disadvantaged,  and l abor  s u r p l u s  a r e a  
subcon t rac t  ing . 

8. Travel - Extent  of t r a v e l ,  i nc lud ing  i d e n t i f i c a t i o n  of i n d i v i d u a l s  and 
t h e i r  l abo r  c a t e g o r i e s ,  and the r e s u l t s  of such t r a v e l s .  

9 .  Contract Labora to r i e s  - Experience with EPA c o n t r a c t  l a b o r a t o r y  s e r v i c e ,  
number of samples s e n t ,  turnaround t i m e ,  o v e r a l l  e v a l u a t i o n  of s e r v i c e  
provided. 

10. Percent Complete - Level of t e c h n i c a l  completion achieved,  r e p o r t e d  as 
percent complete for each t a s k  and as a s i n g l e  number fo r  t h e  t o t a l  work 
assignment.  

11. Schedule - Agreed upon d a t e  t h a t  d e l i v e r a b l e s  a r e  due and a c t u a l  d a t e  
d e l i v e r a b l e s  were or  a r e  planned t o  be submit ted.  Any delay should be 
explained.  

. 
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Table 4-4. Sample Status Report Format 

WORK ASSIGNMENT FINANCIAL STATUS REPORT 

Site: 
Activity: 

Cost Element 

Contractor LO€ Hours I # )  
Subcontractor LOE Hours I # )  

Total LO€ H o k  I#) 

Contractor Sec. Hours I # )  
Subcontractor Sec. Hours ( # I  

Work Assignment Number: 

Month Ending: 

Projeci Start Date: 
Scheduled Completion Date: 

% Complete: 

Actual Costs Estimated Costs 

Variance at 
Month to Date Complete Completion Completion Completion 

Budget at Current Cummulative % Spent cost to cost to 

Subtotal Cost ($) 

Base Fee ($) 

WA Next 3-Month Projections: Month 1 - Month 3 - Month 2 - Total - 
Direct Hours I # l  
WA Total ( $ 1  



Figure 4-1. Sample Cost Status Format 

Work Assignment Number: 
Site/Activity: 

Job Number: 
Reporting Period: 

.. . ., 

CI 

13 
t;* 
P a 

u 

.- 

LEGEND 

- -- Planned Cost - Actual Cost-to-Date ...... . . Estimated Cost to Complete 

Target 

. ' Established 
Budget 

Current 
Reporting 
Period 

Time - 
(Contract Performance in Months) 

Cumulative Project Costs 
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* CHAPTER 5 

HEALTH AND SAFETY PLANNING FOR REMEDIAL INVESTIGATIONS 

5.1 INTRODUCTION 

P r o t e c t i n g  the h e a l t h  and s a f e t y  of t he  i n v e s t i g a t i v e  team, as w e l l  a s  
the gene ra l  p u b l i c ,  i s  a major concern i n  hazardous waste s i t e  remedial  inves- 
t i g a t  i o n s .  

Hazards t o  which workers may be exposed inc lude  known and unknown chem- 
i c a l s  , heat  s t r e s s  , physical  s t r e s s  , b i o l o g i c a l  a g e n t s ,  equipment-related 
i n j u r i e s ,  confined space e n t r y ,  f i r e ,  and exp los ion .  Many of  t h e s e  hazards  
a re  encountered i n  any type of f i e l d  s tudy ,  but  exposure t o  chemical h a z a r d s ,  
including t o x i c i t y  , f lammabil i ty  , c o r r o s i v i t y  , r e a c t i v i t y  , and r a d i o a c t i v i t y  , 
is a major concern f o r  .hazardous waste s i t e  workers. Tox ic i ty  hazards  range 
from acu te  e f f e c t s  with c l i n i c a l  symptoms, such a s  headache, d i z z i n e s s ,  and. 
sk in  r a s h ,  t o  chronic  o r  i r r e v e r s i b l e  impacts , i nc lud ing  impaired h e a l t h ,  
c a n c e r ,  b i r t h  d e f e c t s ,  and d e a t h .  Symptoms of  ch ron ic  e f f e c t s  may not appear 
fo r  months or  y e a r s ;  occupa t iona l  c a n c e r s ,  fo r  example , may have a l a t e n c y  
period of 10 t o  30 y e a r s  o r  more. 

In a d d i t i o n  t o  the p r o t e c t i o n  of s i t e  workers,  t h e  p u b l i c ' s  h e a l t h  and 
s a f e t y  m u s t  a l s o  be considered.  Remedial i n v e s t i g a t i o n s  f r e q u e n t l y  a t t r a c t  
t h e  news media, pub l i c  o f f i c i a l s ,  and c u r i o s i t y  s e e k e r s  a s  w e l l  as r ep resen ta -  
t i v e s  of p o t e n t i a l l y  r e s p o n s i b l e  p a r t i e s  and Federal  and S t a t e  agenc ie s .  Not 
only i s  t h e  s a f e t y  of t h e s e  obse rve r s  a concern,  but  t h e i r  a c t i o n s  may a f f e c t  
t he  o p e r a t i o n s  and s a f e t y  of t he  i n v e s t i g a t i v e  team. Other pub l i c  h e a l t h  
concerns inc lude  hazards  and r i s k s  t o  the surrounding community from u n a n t i c i -  
pated chemical r e l e a s e s  , f i r e  and exp los ion ,  and g ross  negl igence.  Resolut ion 
of publ ic  h e a l t h  concerns o f t e n  involves  l e g a l  c o n s u l t a t i o n  as w e l l  a s  s e l ec -  
t i o n  of t h e  b e s t  t e c h n i c a l  and l o g i s t i c a l  approach. 

5 .1 .1  Overa l l  Approach 

I n v e s t i g a t i o n  work a t  hazardous waste s i tes  r e q u i r e s  a s t r o n g  commitment 
t o  the h e a l t h  and s a f e t y  of s i t e  workers.  
i n  w r i t t e n  h e a l t h  and s a f e t y  programs and w r i t t e n  s i t e - s p e c i f i c  s a f e t y  p l a n s .  
The h e a l t h  and s a f e t y  program embodies t h e  employer 's  philosophy, p o l i c i e s  , 
and procedures r ega rd ing  worker p r o t e c t i o n .  The s i t e - s p e c i f i c  s a f e t y  plan 
a p p l i e s  the program to  a p a r t i c u l a r  s i t u a t i o n  by p r e s c r i b i n g  the s p e c i f i c  
personnel ,  procedures ,  and equipment t o  be used. 

Employers express t h i s  commitment 
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A l l  p a r t i e s  t o  a remedial  i n v e s t i g a t i o n  ( i . e . ,  F e d e r a l ,  S t a t e ,  and l o c a l  
agenc ie s ;  owners; p o t e n t i a l l y  r e s p o n s i b l e  pa r t i e s ;  and p r i v a t e  c o n t r a c t o r s )  
should be aware of  t h e i r  p o t e n t i a l  l i a b i l i t y  f o r  t he  h e a l t h  and s a f e t y  o f  
workers and of t he  pub l i c .  Often,  c o n t r a c t s  or  i n t e ragency  documents s p e c i f y  
the  r e s p o n s i b i l i t i e s  f o r  p r o t e c t i n g  pub l i c  h e a l t h .  For example, c o n t r a c t s  
t y p i c a l l y  s p e c i f y  the  pos t ing  of warning s i g n s ,  the i n s t a l l a t i o n  of  f ences ,  o r  
t h e  h i r i n g  of s e c u r i t y  gua rds .  S t r a t e g i e s  t o  a l e r t ,  warn, o r  evacuate  the  
pub l i c  a r e  g e n e r a l l y  planned with l o c a l  community response agenc ie s .  Before 
i n i t i a t i n g  an R I ,  a l l  parties should c l e a r l y  understand t h e i r  r e s p o n s i b i l i t i e s  
f o r  developing and implementing emergency procedures t o  p r o t e c t  t he  p u b l i c .  

5.1.2 Applicable  Regulat ions t o  P r o t e c t  Workers 

Occupational Sa fe ty  and Health Adminis t ra t ion (OSHA) r e g u l a t i o n s  a r e  
promulgated under the  a u t h o r i t y  of  t h e  Williams-Steiger Occupational S a f e t y  
and Health A c t  o f  1970, E% 91-596. The s t a t e d  philosophy o f  t h i s  l e g i s l a t i o n  
i s  " t o  a s s u r e  so f a r  a s  p o s s i b l e  every working man and woman i n  t h e  n a t i o n  
safe and h e a l t h f u l  working c o n d i t i o n s  and t o  preserve our human re sources  ." 
The fol lowing i s  a l i s t  of t h e  r e g u l a t i o n s  most p e r t i n e n t  t o  remedial  i n v e s t i -  
g a t i o n s  : 

C i t a t i o n  T i t l e  

29 CFR 1903 I n s p e c t i o n s ,  C i t a t i o n s ,  and Proposed P e n a l t i e s  

29 CFR 1904 Recording and Reporting of  Occupational I n j u r i e s  and 
I1 l n e  s se s 

29 CFR 1910 Occupational Sa fe ty  and Health Standards 

29 CFR 1926 S a f e t y  and Heal th  Regulat ions f o r  Construct ion 

29 CFR 1960 Fede ra l  Employee Sa fe ty  and Heal th  Programs 

29 CFR 1975 

29 CFR 1977 

Coverage of Employers under the Occupational S a f e t y  
and Health Act 

Regulat ions on Di sc r imina t ion  a g a i n s t  Employees 
Exe rc i s ing  Rights under t h e  Occupational Sa fe ty  and 
Heal th  A c t  

The most s p e c i f i c  r e g u l a t i o n s  governing workplace h e a l t h  and s a f e t y  a r e  
contained i n  29 CFR 1910, Occupational Sa fe ty  and Health Standards.  O f  p a r t i -  
c u l a r  r e l evance  t o  R I  work are t h e - r e s p i r a t o r  s t anda rds  (29 CFR 1910.134) and 
the  t o x i c  and hazardous substance s t a n d a r d s  (29 CFR 1910.1000 t o  1500).  
F u r t h e r ,  t h e  OSH Act c o n t a i n s  a gene ra l  du ty  c l a u s e  r e q u i r i n g  employers t o  
provide a p l a c e  of employment f r e e  from recognized hazards .  This c l ause  i s  
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g e n e r a l l y  appl ied whether o r  not s p e c i f i c  s t anda rds  exis t .  This c l a u s e  a l s o  
p l aces  upon each employee t h e  o b l i g a t i o n  t o  comply with OSHA s t a n d a r d s ,  
however, t he  f i n a l  r e s p o n s i b i l i t y  f o r  compliance with the  OSH A c t  requirements 
remains with t h e  employer. 

Federal  employees, a s  w e l l  as c o n t r a c t o r  employees, a r e  p ro tec t ed  by OSHA 
r e g u l a t i o n s .  
covered by S t a t e  r e g u l a t i o n s .  

S t a t e  employees are not covered by OSHA r e g u l a t i o n s  but  may be 

The h e a l t h  and s a f e t y  of employees involved i n  Superfund a c t i v i t i e s  a r e  
s p e c i f i c a l l y  addressed i n  Sec t ion  l l l ( c )  of CERCLA, which d i r e c t s  EPA, OSHA, 
and the  Nat ional  I n s t i t u t e  f o r  Occupational Sa fe ty  and Health (NIOSH) t o  
develop a program t o  " . . . i n c l u d e ,  but  not be l i m i t e d  t o  measures f o r  i d e n t i -  
fying and a s s e s s i n g  hazards  t o  which persons engaged i n  removal, remedy, o r  
o t h e r  response t o  hazardous substances may be exposed, methods t o  p r o t e c t  
workers from such haza rds ,  and necessa ry  r e g u l a t o r y  and enforcement measures 
t o  assure adequate p r o t e c t i o n  of  such employees." 
expands t h i s  d i r e c t i v e  t o  r e q u i r e  a l l  p r i v a t e  c o n t r a c t o r s  working on Superfund 
s i tes  t o  comply with OSHA r e g u l a t i o n s .  

The NCP (40 CFR 300.71) 

The In t e r im  Standard Operating S a f e t y  Guides i s sued  by EPA i n  September 
1982 ( U . S .  EPA, 1982e) a r e  g e n e r a l l y  accepted as  t he  s tandard of  p r a c t i c e  f o r  
hazardous waste s i t e  work. The guides  should be consu l t ed  b e f o r e  planning any 
R I  a c t i v i t i e s .  NIOSH prepared guidance manuals f o r  Superfund a c t i v i t i e s  t h a t  
a r e  c u r r e n t l y  under Agency review and may be r e l eased  i n  e a r l y  1985. The Army 
Corps of Engineers and the Coast Guard have a l s o  published g u i d e l i n e s  and 
procedures f o r  p r o t e c t i n g  workers a t  hazardous waste s i t e s .  

Ind iv idua l  S t a t e s  may have occupat ional  s a f e t y  and h e a l t h  r e g u l a t i o n s  
more s t r i n g e n t  than OSHA's. These should be consul ted i n  o rde r  t o  determine 
t h e i r  a p p l i c a b i l i t y  and t o  ensure compliance. 

One example of g r e a t e r  s t r i n g e n c y  i n  S t a t e  r e g u l a t i o n  is  S t a t e  "Right t o  
Know" laws, which r e q u i r e  chemical l a b e l i n g  and worker n o t i f i c a t i o n  of  t he  
hazards  of workplace chemicals.  The r e c e n t l y  promulgated OSHA Hazard 
Comnunication s t anda rd  (29 CFR 1910.1200) s p e c i f i c a l l y  a p p l i e s  only t o  
employees involved i n  manufactur ing,  but  v a r i o u s  S t a t e  "Right t o  Know" laws 
may apply t o  a wider spectrum of  employers. 
t i o n s  t o  workers at  uncontrol led hazardous waste s i tes  has  not been t e s t e d  
i n  the  c o u r t s .  P r e s e n t l y ,  15 S t a t e s  are covered by "Right t o  Know" laws: 
Alaska,  C a l i f o r n i a ,  Connect icut ,  I l l i n o i s ,  Maine, Massachuset ts ,  Michigan, 
Minnesota, New Hampshire, New J e r s e y ,  New York, Rhode I s l a n d ,  Oregon, West 
V i r g i n i a ,  and Wisconsin. 

The a p p l i c a t i o n  of such regula-  

Some S t a t e s  have enacted "Good Samaritan" laws. Such laws l i m i t  t h e  
l i a b i l i t y  of  workers who may g i v e  f i r s t  a i d  o r  cardiopulmonary r e s u s c i t a t i o n  
(CPR) t o  co-workers o r  members of  t he  p u b l i c .  

P ro fes s iona l  recomnendations and s t anda rds  have been o f f e r e d  by such 
o r g a n i z a t i o n s  a s  t h e  American Conference of Governmental I n d u s t r i a l  
Hyg ien i s t s ,  the  h e r i c a n  Soc ie ty  of Test ing and M a t e r i a l s ,  the  American 
National Standards I n s t i t u t e ,  and the  Nat ional  F i r e  P r o t e c t i o n  Assoc ia t ion .  
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Many o f  t h e i r  recommendations and s t a n d a r d s  have been i n c o r p o r a t e d  i n t o  l e g a l  
s t a n d a r d s  , whi le  o t h e r s  , a l though  not  l e g a l l y  r e q u i r e d  , r e p r e s e n t  good prac-  
t i c e  c r i t e r i a .  

Other  F e d e r a l  and S t a t e  r e g u l a t i o n s  a l s o  c o n t r i b u t e  t o  t h e  h e a l t h  and 
s a f e t y  o f  R I  workers .  Department o f  T r a n s p o r t a t i o n  r e g u l a t i o n s  ( 4 9  CFR 
171-1781, f o r  example,  s p e c i f y  c o n t a i n e r s ,  l a b e l i n g ,  and t r a n s p o r t a t i o n  
r e s t r i c t i o n s  f o r  haza rdous  m a t e r i a l s .  These r e g u l a t i o n s  cover  t h e  t r a n s p o r t  
o f  compressed a i r  c y l i n d e r s ,  c e r t a i n  i n s t r u m e n t s ,  s o l v e n t s ,  and all sanples .  
The Resource Recovery and Conse rva t ion  Act (RCRA) r e g u l a t i o n s  may a p p l y  t o  t h e  
s t o r a g e  , t r a n s p o r t  , and d i s p o s a l  o f  i n v e s t i g a t i o n - d e r i v e d  m a t e r i a l s  , i n c l u d i n g  
d i s p o s a b l e  c l o t h i n g ,  used r e s p i r a t o r  c a r t r i d g e s  and c a n i s t e r s  , and s p e n t  
d e c o n t a m i n a t i o n  s o l u t i o n s .  

5.2 THE HEALTH AND SAFETY PROGRAM 

A h e a l t h  and s a f e t y  program r e p r e s e n t s  an employe r ' s  ph i lo sophy ,  pol-  
i c i e s ,  and p rocedures  f o r  a s s u r i n g  " s a f e  and h e a l t h f u l  working c o n d i t i o n s  ." 
The h e a l t h  and s a f e t y  r equ i r emen t s  f o r  r emed ia l  i n v e s t i g a t i o n s  a r e  o f t e n  f a r  
more r i g o r o u s  , more t e c h n i c a l l y  o r i e n t e d ,  and more expens ive  t o  implement than  
t h e  r equ i r emen t s  f o r  r o u t i n e  worker p r o t e c t i o n  programs.  The fo l lowing  d i s -  
c u s s i o n  o f f e r s  gu idance  on t h e  scope  o f  a comprehensive h e a l t h  and s a f e t y  
program f o r  r emed ia l  i n v e s t i g a t i o n  workers .  

5 . 2 . 1  R e s p o n s i b i l i t y  f o r  H e a l t h  and S a f e t y  

R e s p o n s i b i l i t y  f o r  t h e  h e a l t h  and s a f e t y  program should  be c l e a r l y  
d e l i n e a t e d  w i t h i n  an o r g a n i z a t i o n ,  as shown i n  F i g u r e  5-1. The Hea l th  and 
S a f e t y  D i r e c t o r  should  r e p o r t  d i r e c t l y  t o  t h e  g e n e r a l  manager .  The D i r e c t o r  
shou ld  have t h e  r e s p o n s i b i l i t y  and a u t h o r i t y  f o r  t h e  deve lopnen t  and 
implemen ta t ion  of  t h e  h e a l t h  and s a f e t y  program. 

A S i t e  S a f e t y  O f f i c e r  is d e s i g n a t e d  to accompany each  s i t e  i n v e s t i g a t i v e  
team and i s  r e s p o n s i b l e  f o r  implementing t h e  s i t e  s a f e t y  p l a n .  A S i t e  S a f e t y  
O f f i c e r  must be o n - s i t e  at  a l l  t i m e s  w i th  t h e  i n v e s t i g a t i v e  team. Th i s  
i n d i v i d u a l  works wi th  t h e  f i e l d  team l e a d e r ,  b u t  i n  t h e  even t  o f  a d i s p u t e  
r e g a r d i n g  h e a l t h  and s a f e t y ,  t h e  S i t e  S a f e t y  O f f i c e r  r e p o r t s  d i r e c t l y  t o  t h e  
H e a l t h  and S a f e t y  D i r e c t o r .  The S i t e  S a f e t y  O f f i c e r  must be expe r i enced  i n  
f i e l d  o p e r a t i o n s  and be tho rough ly  f a m i l i a r  w i th  t h e  use o f  a i r  m o n i t o r i n g  
i n s t r u m e n t a t i o n ,  p e r s o n a l  p r o t e c t i o n  equipment ,  and decon tamina t ion  
p r o c e d u r e s .  

Each team member i s  r e s p o n s i b l e  f o r  complying wi th  t h e  h e a l t h  and s a f e t y  
program and t h e  s i t e  s a f e t y  p l a n s ,  a s  w e l l  a s  a l e r t i n g  o t h e r s  t o  observed  o r  
s u s p e c t e d  h a z a r d s .  A l l  team members must s a t i s f a c t o r i l y  comple te  formal  
t r a i n i n g  i n  haza rdous  was te  s i t e  o p e r a t i o n s  b e f o r e  t h e y  beg in  s i t e  a c t i v i t i e s  
and shou ld  i n c r e a s e  t h e i r  p r o f i c i e n c y  wi th  a d d i t i o n a l  t r a i n i n g .  
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Figure 5-1. Organization Chart for Remedial Investigations 
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5.2.2 S e l e c t i o n  of  Personnel  f o r  Remedial I n v e s t i g a t i o n s  

Because work on uncon t ro l l ed  hazardous waste s i t e s  i s  more hazardous than 
o t h e r  environmental f i e l d  s t u d i e s ,  personnel should be informed of  t he  r i s k s  
p r i o r  t o  t h e i r  assignment t o  such p r o j e c t  t a s k s .  This information should 
include a frank d i s c u s s i o n  of  p o t e n t i a l  hazards  , t h e  medical s u r v e i l l a n c e  and 
t r a i n i n g  programs, and t h e  need f o r  t h e  use of personal  p r o t e c t i v e  equipment. 
A t  t h i s  point , some i n d i v i d u a l s  may r e f u s e  the  assignment f o r  personal  
r easons .  

5 .2 .3  Medical S u r v e i l l a n c e  Program 

The medical s u r v e i l l a n c e  program has t h r e e  goa l s  : 

e To ensure through i n i t i a l  medical s c reen ing  t h a t  workers a t  hazardous 
waste si tes are i n  good h e a l t h  and have no medical c o n d i t i o n s  t h a t  

. might put them a t  an inc reased  r i s k  from t h i s  work 

e To ensure t h e  cont inued good h e a l t h  of  each employee by pe r iod ic  
examinat i ons  

e To d e t e c t  and t reat  any medical c o n d i t i o n s  p o t e n t i a l l y  a r i s i n g  from 
work a t  hazardous waste s i t e s .  

The h e a l t h  and s a f e t y  program should d e f i n e  a l l  p a r t i c i p a n t s  i n  t h e  
medical  s u r v e i l l a n c e  program, i d e n t i f y  a p p r o p r i a t e  c l i n i c s  and examination 
p r o t o c o l s ,  and. address  record-keeping requirements .  All employees who may 
e n t e r  an uncon t ro l l ed  hazardous waste s i t e ,  perform work on o r  ad jacen t  t o  an 
uncon t ro l l ed  hazardous waste s i t e ,  o r  handle  samples from a s i t e  a r e  candi- 
d a t e s  f o r  medical s u r v e i l l a n c e .  A t  a minimum, the  program must r e q u i r e  a 
medical examination by a l i c e n s e d  phys ic i an  t o  c e r t i f y  t h e  medical f i t n e s s  of  
each worker who may wear a r e s p i r a t o r  on t he  job .  
r equ i r ed  by t h e  OSHA r e s p i r a t o r  s t a n d a r d ,  29 CFR 1910.134, and must be per- 
formed wi th in  12 months be fo re  r e s p i r a t o r  use .  OSHA a l s o  r e q u i r e s  s p e c i f i c  
medical p ro toco l s  f o r  workers who a r e  exposed t o  c e r t a i n  t o x i c  subs t ances  (29  
CFR 1910.1001-1046). 

This examination i s  

The medical monitor ing program and protocol  should be approved by an 
informed occupa t iona l  physician.  Fac to r s  i n  determining the type of  exami- 
n a t i o n  and frequency of re-examinations inc lude  t h e  chemical and phys ica l  
hazards  at  t he  s i t e ,  t he  t h e  spent  i n  the  f i e l d ,  and t h e  chemical contam- 
i n a n t s  t o  which t h e  worker may be exposed. The examination should inc lude  
serum chemistry t e s t s ,  such as  l i v e r  and kidney func t ion  p r o f i l e s ,  spirometer  
t e s t s ,  and audiometry t e s t s .  

The i n i t i a l  examination should b e  conducted a few weeks p r i o r  t o  t h e  
worker’s  e n t r y  i n t o  t h e  program i n  o r d e r  t o  g ive  the  physician enough t h e  t o  
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review p e r t i n e n t  l a b o r a t o r y  d a t a .  A l so ,  e a r l y  examinat ion  a l lows  managers  
t i m e  t o  s e l ec t  a l t e r n a t e  pe r sonne l  i f  any  employees a r e  found m e d i c a l l y  u n f i t  
f o r  f i e l d  work. 

P e r i o d i c  and e x i t  examinat ions  t o  mon i to r  h e a l t h  s t a t u s  b e n e f i t  bo th  t h e  
employee and t h e  employer .  The p h y s i c i a n  must e v a l u a t e  any change i n  t h e  
worke r ' s  h e a l t h  s t a t u s  from t h e  i n i t i a l  medica l  exam t o  de t e rmine  t h e  need f o r  
a d d i t i o n a l  s u r v e i l l a n c e  o r  t r e a t m e n t .  For t h e  employer ,  r e s u l t s  o f  p e r i o d i c  
examina t ions  i n d i c a t e  t h e  s u c c e s s  of  t h e  h e a l t h  and s a f e t y  program and can  
reduce  p o t e n t  i a l  1 i ab il i t  y . 

Supplemental  examina t ions  should  be performed whenever t h e r e  i s  an a c t u a l  
o r  s u s p e c t e d  e x c e s s i v e  exposure  t o  chemica l  c o n t a m i n a n t s ,  o r  i f  t h e  worker  
e x p e r i e n c e s  symptoms o f  exposure  ( i n c l u d i n g  headache ,  d i z z i n e s s  , n a u s e a ,  
b l u r r e d  v i s i o n ,  and s k i n  r a s h ) ,  a t r a u m a t i c  i n j u r y ,  o r  h e a t  o r  c o l d  s t r e s s .  
Prompt medica l  a t t e n t i o n  i s  e s s e n t i a l  f o r  p rope r  d i a g n o s i s  and t r e a t m e n t  and 
f o r  a l l a y i n g  t h e  employee 's  f e a r s .  

Recordkeeping is r e g u l a t e d  by  OSHA, which s p e c i f i e s  t h a t  medical: r e c o r d s  
must be r e t a i n e d  f o r  30  y e a r s  a f t e r  t e r m i n a t i o n  o f  employment ( 2 9  CFR 1910.20).  
The c o n f i d e n t i a l i t y  o f  t h e s e  r e c o r d s  should  be  p r e s e r v e d ,  i n  acco rdance  wi th  
t h e  P r i v a c y  Act of  1974  (PL 9 3 - 5 7 9 ) .  The Heal th  and S a f e t y  D i r e c t o r  must have 
a c c e s s  to  t h e  p h y s i c i a n ' s  c e r t i f i c a t i o n s  o f  medica l  f i t n e s s  and must be 
a p p r i s e d  o f  a l l  med ica l  r e s t r i c t i o n s  p l aced  on o c c u p a t i o n a l  a c t i v i t i e s .  

A h e a l t h  summary form, prepared  by t h e  p h y s i c i a n  o r  Hea l th  and S a f e t y  
D i r e c t o r ,  i s  s t r o n g l y  recomnended. This  should  be a one-page summary o f  t h e  
w o r k e r ' s  h e a l t h  s t a t u s  , n o t i n g  r e s t r i c t i o n s  , c u r r e n t  m e d i c a t i o n s ,  a l l e r g i e s  , 
and immuniza t ions ,  a s  w e l l  a s  t h e  name and t e l e p h o n e  number o f  t h e  occupa- 
t i o n a l  p h y s i c i a n .  The employee should  b r i n g  t h i s  form t o  t h e  s i t e  f o r  con- 
s u l t a t i o n  i n  case of  a med ica l  emergency. F i g u r e  5-2 p r e s e n t s  an example o f  a 
h e a l t h  summary form. 

5 . 2 . 4  T r a i n i n g  

Finployees s e l e c t e d  f o r  work a t  hazardous  was te  s i t e s  u s u a l l y  have  
r e q u i r e d  s k i l l s  i n  a p a r t i c u l a r  a r e a ,  such  a s  geo techno logy ,  e n g i n e e r i n g ,  
c h e m i s t r y ,  o r  hydro logy .  To perform t h e s e  s k i l l s  s a f e l y  a t  a hazardous  was te  
s i t e ,  however,  r e q u i r e s  a d d i t i o n a l  h e a l t h  and s a f e t y  t r a i n i n g .  

EPA i s s u e d  a d i r e c t i v e  on J u l y  12,  1981 (EPA Order  1 4 4 0 . 2 )  t h a t  s p e c i f i e s  
t h e  h e a l t h  and s a f e t y  r equ i r emen t s  f o r  EPA employees engaged i n  f i e l d  
a c t i v i t i e s .  Under t h i s  Orde r ,  a minimum of  32 h o u r s  o f  i n s t r u c t i o n  p l u s  3 
days  o f  work i n  t h e  f i e l d  w i t h  an expe r i enced  worker a r e  r e q u i r e d  f o r  h e a l t h  
and s a f e t y  t r a i n i n g  c e r t i f i c a t i o n .  Finployees who w i l l  manage s i t e  a c t i v i t i e s  
must comple te  an a d d i t i o n a l  8 hours  of i n s t r u c t i o n .  A l l  c e r t i f i e d  employees 
must comple te  a minimum of  8 hour s  o f  r e f r e s h e r  c lass room t r a i n i n g  a n n u a l l y .  
Although t h i s  Order a p p l i e s  o n l y  t o  EPA employees,  S t a t e  and p r i v a t e  
o r g a n i z a t i o n s  have  adopted s e v e r a l  p r o v i s i o n s  o f  t h i s  Order a s  models f o r  
t r a i n i n g  c e r t i f i c a t i o n  p r i o r  t o  f u l l  f i e l d  work p a r t i c i p a t i o n .  

5-7 



Figure 5-2. Example Health Summary Form 

HEALTH SUMMARY 

Name : Birth Date: 

Sex : Height: 

R e s t r i c t i o n s :  Health 

A l  1 erg  e s  

Current Medication: 

I m u n  i za t ons : 

Weight: Blood Type: 

Date : 

Occupational Phys ic ian:  Telephone: 

Personal Phys ic ian:  Telephone : 

Family member(s1 t o  n o t i f y  i n  case  of emergency: 

Relat ionship  Telephone : 

Relat ionship  Telephone : 
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A l l  per sonne l  should  be f a m i l i a r  w i th  p o t e n t i a l  r o u t e s  ( i n h a l a t i o n ,  s k i n  
o r  mucous membrane c o n t a c t ,  and i n g e s t i o n )  by  which t o x i c  m a t e r i a l s  e n t e r  t h e  
body and s p e c i f i c  measures  t o  prevent  exposure .  

Given t h e  haza rds  of R I  work and t h e  p o t e n t i a l  f o r  exposure  t o  t o x i c  
s u b s t a n c e s  o r  f o r  t r a u m a t i c  i n j u r y ,  f i r s t  a i d  and CPR t r a i n i n g  assume g r e a t  
impor t ance .  Prompt use o f  c o r r e c t  f i r s t  a i d  or  CPR t e c h n i q u e s  i s  e s s e n t i a l  t o  
p r o t e c t  a l l  f i e l d  i n v e s t i g a t o r s .  OSHA r e q u i r e s  t h a t  a t  l e a s t  one person  b e  
t r a i n e d  i n  f i r s t  a i d  i f  an i n f i r m a r y ,  c l i n i c ,  o r  h o s p i t a l  i s  not nea r  t h e  
workplace ( 2 9  CFR 1910.151);  i t  i s  a d v i s a b l e  t o  have more than  one t r a i n e d  
person  as  a backup i n  c a s e  t h a t  one person  i s  i n j u r e d .  Courses a r e  a v a i l a b l e  
th rough  t h e  American Red Cross  and t h e  American Hear t  A s s o c i a t i o n  f o r  a 
nominal f e e .  

The S i t e  S a f e t y  O f f i c e r  o r  o t h e r  workers  may be r e q u i r e d  t o  perform a i r  
m o n i t o r i n g  t o  t r a c k  p o t e n t i a l  worker exposures  t o  a i r b o r n e  con taminan t s  o r  t o  
de t e rmine  i f  o n - s i t e  a c t i v i t i e s  a r e  c a u s i n g  con taminan t s  t o  m i g r a t e  o f f - s i t e .  
These i n d i v i d u a l s  must r e c e i v e  a d d i t i o n a l  t r a i n i n g  i n  t h e  use and l i m i t s t  i o n s  
of a i r  mon i to r ing  equipment ,  such  a s  c o l o r i m e t r i c  t u b e s ,  t o t a l  o r g a n i c  vapor  
a n a l y z e r s ,  e x p l o s i m e t e r s ,  oxygen d e t e c t o r s ,  o r  r a d i a t i o n  d e t e c r o r s .  Because 
m o d i f i c a t i o n s  i n  o p e r a t i o n a l  procedures  and s e l e c t  ion  o f  pe r sona l  p r o t e c t  ion  
equ ipnen t  depend on t h e  i n t e r p r e t a t i o n  o f  a i r  m o n i t o r i n g  i n s t r u m e n t s ,  i t  i s  
e s s e n t i a l  t h a t  t h e  in s t rumen t s  be p r o p e r l y  ma in ta ined  and c a l i b r a t e d  and t h a t  
t h e  r e a d i n g s  be a c c u r a t e  and p r o p e r l y  i n t e r p r e t e d .  The EPA Fmergency Response 
Team i n  Ed i son ,  N J ,  ha s  prepared  S tanda rd  Opera t ing  S a f e t y  Guides ( r e v i s e d  
November 1984) which provide  f u r t h e r  i n f o r m a t i o n  on a i r  m o n i t o r i n g  r e q u i r e -  
men t s ;  t h i s  i n f o r m a t i o n  w i l l  be r e l e a s e d  e a r l y  i n  1985 th rough  t h e  Na t iona l  
Techn ica l  In fo rma t ion  S e r v i c e  ( N T I S ) ,  S p r i n g f i e l d ,  V i r g i n i a ,  and t h e  U.S. E P A ,  
C i n c i n n a t i ,  Ohio.  

Supplemental  t r a i n i n g  should  be c o n s i d e r e d  f o r  unusua l  s i t e  a c t i v i t i e s  
such a s  c o n t a i n e r  open ing ,  conf ined  space  e n t r y ,  and sediment  s ampl ing .  
S imula ted  e x e r c i s e s  w i l l  h e l p  t r a i n  f i e l d  i n v e s t i g a t o r s  t o  perform t h e s e  t a s k s  
s a f e l y  and more e f f i c i e n t l y .  Often t h e  l o g i s t i c s  o f  t h e s e  o p e r a t i o n s  a r e  
complex, and d r e s s  r e h e a r s a l s  w i l l  h e l p  i d e n t i f y  problems b e f o r e  t h e y  occur  i n  
t h e  f i e l d .  

Nonessen t i a l  personnel  should  be k e p t  o f f - s i t e  a s  much a s  p o s s i b l e .  
O c c a s i o n a l l y ,  an u n t r a i n e d  i n d i v i d u a l  may d e s i r e  or be r e q u i r e d  t o  v i s i t  a 
s i t e  t o  i n s p e c t  o r  obse rve  c o n d i t i o n s  o r  a c t i v i t i e s .  The h e a l t h  and s a f e t y  
program should  c l e a r l y  d e s c r i b e  measures  t o  p r o t e c t  t h e s e  v i s i t o r s .  Many pro-  
grams p r o h i b i t  v i s i t o r s  u n t i l  t h e y  have completed t h e  e n t i r e  t r a i n i n g  program. 
Other  programs p r e s c r i b e  an a b b r e v i a t e d  t r a i n i n g  program f o r  v i s i t o r s  and 
r e s t r i c t  t h e  v i s i t o r s '  a c t i v i t i e s  and a c c e s s  t o  t h e  s i t e .  V i s i t o r s  should  be 
inc luded  i n  a med ica l  s u r v e i l l a n c e  program. 

S p e c i a l  s e r v i c e  c o n t r a c t o r s ,  such  a s  w e l l  d r i l l e r s ,  heavy equipment 
o p e r a t o r s ,  and s u r v e y o r s ,  should  be r e q u i r e d  t o  show proof  t h a t  a l l  employees 
who w i l l  be  working on or nea r  a hazardous  was te  s i t e ,  o r  who w i l l  hand le  
p o t e n t i a l l y  contaminated  m a t e r i a l  from a s i t e  ( s a m p l e s ,  t o o l s ,  o r  e q u i p n e n t )  
have  r e c e i v e d  t h e  a p p r o p r i a t e  medica l  e x a m i n a t i o n s .  These workers  should  be  
r e q u i r e d  e i t h e r  t o  complete  t h e  f u l l  t r a i n i n g  program conducted by q u a l i f i e d  
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, ienced personnel and designed f o r  f i e l d  i n v e s t i g a t i o n  workers o r  t o  
a s i t e - s p e c i f i c  t r a i n i n g  program which addres ses  the  hazards  of  t h a t  
use and l i m i t a t i o n s  of personal  p r o t e c t i o n  c l o t h i n g  and equipment 

necessa ry  f o r  t h a t  s i t e ,  and the  s t anda rd  ope ra t ing  procedures f o r  work a t  
t h a t  s i t e .  I f  s i t e - s p e c i f i c  t r a i n i n g  is  incorporated i n t o  the program, 
q u a l i f i e d  t r a i n e r s  and on - s i t e  s u p e r v i s o r s  must  be i d e n t i f i e d .  

EPA schedules  t r a i n i n g  cour ses  f o r  hazardous waste s i t e  i n v e s t i g a t i o n s ,  
a s  w e l l  a s  s p e c i a l i z e d  cour ses  i n  s p e c i f i c  a s p e c t s  of s i t e  i n v e s t i g a t i o n .  
These cour ses ,  conducted by t h e  Hazardous Response Support D iv i s ion ,  Emergency 
Response Team, C i n c i n n a t i ,  Ohio, provide p a r t i c i p a n t s  with fundamental i n fo r -  
mation for  p r o t e c t i n g  the pub l i c  and the  environment from chemical i n c i d e n t s  
r e s u l t i n g  from releases of hazardous m a t e r i a l s .  Top p r i o r i t y  f o r  enrollment 
i s  given to  EPA employees, although personnel from o t h e r  Fede ra l ,  S t a t e ,  and 
p r i v a t e  agencies  may e n r o l l  i f  space i s  a v a i l a b l e .  EPA has  made t r a i n i n g  
g r a n t s  a v a i l a b l e  t o  S t a t e s  t o  conduct t h e i r  own programs. 

A few p r i v a t e  f i r m s  and u n i v e r s i t i e s  o f f e r  t r a i n i n g .  These cour ses  may 
be t a i l o r e d  t o  the needs of an o r g a n i z a t i o n  and i n  some cases  may be o f f e r e d  
a t  t h e  o r g a n i z a t i o n ' s  f a c i l i t y .  A good t r a i n i n g  course w i l l  o f f e r :  

e Experienced i n s t r u c t o r s  who have worked i n  the f i e l d  and who have 
e x p e r t i s e  i n  worker h e a l t h  and s a f e t y  a t  hazardous waste s i t e s .  

e S u f f i c i e n t  equipment and in s t rumen t s  f o r  each c l a s s  p a r t i c i p a n t  t o  
d r e s s  i n  p r o t e c t i v e  c l o t h i n g ,  wear r e s p i r a t o r y  equipment, handle  
monitoring in s t rumen t s ,  and become f a m i l i a r  with the use  of  each. 
This  i s  p a r t i c u l a r l y  important  f o r  t r a i n i n g  i n  r e s p i r a t o r y  p r o t e c t i o n .  

e Both classroom i n s t r u c t i o n  and s imulated f i e l d  e x e r c i s e s .  The 
e x e r c i s e s  should be organized so t h a t  every s tuden t  p a r t i c i p a t e s .  

T ra in ing  r eco rds  should be kept f o r  each employee, i nc lud ing  d a t e s  of  
i n s t r u c t i o n ,  cu r r i cu lum,  r e s u l t s  of any examinat ions,  and cop ie s  of  c e r t i f -  
i c a t e s  ( cour se  p a r t i c i p a t i o n ,  Red Cross c a r d s ,  e t c . ) .  Records should be  
maintained i n  a permanent personnel f i l e .  

5.2.5 Equipment 

S p e c i a l i z e d  equipment f o r  monitor ing and personal  p r o t e c t i o n  i s  r equ i r ed  
f o r  R I  work. The h e a l t h  and s a f e t y  program should addresss  the s e l e c t i o n ,  
procurement,  i nven to ry ,  maintenance,  c a l i b r a t i o n ,  and r e p a i r  of t h i s  equip- 
ment. 
o r  fu l l - t ime  equipment t e c h n i c i a n s  are r e q u i r e d .  

Often,  depending on the  s i z e  of t h e  o r g a n i z a t i o n ,  one or more part-time 

S e l e c t i o n  and procurement f a c t o r s  i nc lude  not only the equipment spec i f i -  
c a t i o n s  and necessa ry  approvals  but a l s o  d e l i v e r y  t i m e s  and a v a i l a b i l i t y  of  
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s p a r e  p a r t s  and r e p a i r  s e r v i c e s .  
t i o n ,  a s  w e l l  as i n t r i n s i c  s a f e t y ,  p r e c i s i o n ,  accuracy,  s e n s i t i v i t y ,  and 
s p e c i f i c i t y ,  must a l s o  be considered i n  s e l e c t i n g  equipment. An equipment 
inventory should l i s t  a l l  c u r r e n t l y  owned equipment , i nc lud ing  spa re  p a r t s .  
A t r a c k i n g  system may be r equ i r ed  i f  equipment is s e n t  t o  d i f f e r e n t  s i t e s .  

P o r t a b i l i t y ,  d u r a b i l i t y ,  and ease  of opera- 

Equipment r e l a t e d  t o  h e a l t h  and s a f e t y  is broadly d iv ided  i n t o  two 
c a t e g o r i e s :  monitoring and personal  p r o t e c t i o n .  Monitoring equipment 
inc ludes  : 

Explosimeter o r  combustible gas  i n d i c a t o r  

Oxygen d e t e c t o r  

Radiat ion meter 

Organic vapor d e t e c t o r s  

Color imetr ic  tubes f o r  s p e c i f i c  compound monitoring 

Radiat ion badges f o r  each team member 

Miscellaneous 'monitoring equipment , such as hydrogen cyanide o r  
hydrogen s u l f i d e  d e t e c t o r s ,  d u s t  mon i to r s ,  and personal  sampling pumps 
and d e t e c t o r  dosimeter  badges. 

The personal  p r o t e c t i o n  equipment inc ludes  r e s p i r a t o r s ,  c l o t h i n g ,  decontami- 
n a t i o n  equipment , and emergency equipment ; t hese  items may be r eusab le  o r  
expendable. Communications dev ices  may a l s o  be considered a s  personal  
p r o t e c t  ion equipment. 

S e l e c t i o n  and maintenance of r e s p i r a t o r s  must conform t o  OSHA r e g u l a t i o n s  
(29  CFR 1910.134) and NIOSH/MSHA (Mining Sa fe ty  and Health Adminis t ra t ion)  
approva l s .  OSHA r e q u i r e s  a w r i t t e n  r e s p i r a t o r  p o l i c y  t h a t  addres ses  t h e  
s e l e c t i o n  and use of r e s p i r a t o r s ;  s p e c i f i c  requirements  a r e  o u t l i n e d  i n  29 CFR 
1910.134(b).  
appa ra tus  (SCBA); suppl ied a i r  r e s p i r a t o r s  with a s s o c i a t e d  compressors o r  a i r  
t a n k s ,  hoses and hardware; and a i r  p u r i f y i n g  r e s p i r a t o r s .  For t h e  a i r  
pu r i fy ing  r e s p i r a t o r s  , a p p r o p r i a t e  c a n i s t e r s  and c a r t r i d g e s  must be provided. 
For personnel who r e q u i r e  c o r r e c t i v e  l e n s e s ,  r e s p i r a t o r  eyeg la s s  i n s e r t s  m u s t  
be provided. Contact l enses  a r e  not permit ted with r e s p i r a t o r  use.  The i r  use 
a t  any t i m e  on a hazardous waste s i t e  should be addressed i n  t h e  h e a l t h  and 
s a f e t y  program. 

Resp i r a to ry  p r o t e c t i o n  may inc lude  se l f - con ta ined  b r e a t h i n g  

P r o t e c t i v e  c l o t h i n g  i s  s e l e c t e d  on t h e  b a s i s  of r e s i s t a n c e  t o  chemical 
permeation and p e n e t r a t i o n ,  d u r a b i l i t y ,  and c o s t .  Weather c o n d i t i o n s ,  t y p e  o f  
contaminants a t  t h e  s i t e ,  t e r r a i n  f e a t u r e s ,  and gene ra l  s i t e  l ayou t  a r e  o t h e r  
f a c t o r s  i n  s e l e c t i o n .  Eye p r o t e c t i o n  ( s a f e t y  g l a s s e s ,  chemical s p l a s h  
gogg les ,  f ace  s h i e l d ,  o r  f u l l  f ace  r e s p i r a t o r )  should be mandatory a t  a l l  
times. S t e e l  t o e ,  s teel  shank neoprene boots  and hard h a t s  a r e  more o r  less 
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s t a n d a r d ,  b u t  g l o v e s  and o t h e r  p r o t e c t i v e  c l o t h i n g  ( c o v e r a l l s ,  s p l a s h  s u i t s  , 
a p r o n s ,  hoods ,  e t c . )  a r e  s p e c i f i c a l l y  s e l e c t e d  based on s i t e - s p e c i f i c  dermal  
and t r a u m a t i c  i n j u r y  haza rds  and j o b  f u n c t i o n s .  D i sposab le  c l o t h i n g  i s  
f r e q u e n t l y  s p e c i f i e d  because  i t  minimizes  decon tamina t ion  problems;  however ,  
when s e l e c t i n g  d i s p o s a b l e  c o v e r a l l s ,  one must c o n s i d e r  t h e  l i k e l i h o o d  o f  t h e s e  
ga rmen t s  r i p p i n g  o r  t e a r i n g .  G u i d e l i n e s  from manufac tu re r s  and r e c e n t  
p u b l i c a t i o n s  should  be c o n s u l t e d  t o  s e l ec t  p rope r  c l o t h i n g  and g love  
m a t e r i a l s .  

Communication i s  impor t an t  bo th  among team members ( i n t e r n a l  network)  and 
w i t h  t h e  o u t s i d e  world ( e x t e r n a l  ne twork ) .  An equipment i n v e n t o r y  may i n c l u d e  
i n t r i n s i c a l l y  s a f e ,  v o i c e - a c t i v a t e d  r a d i o s ,  w h i s t l e s ,  a l a r m s ,  and b u l l h o r n s  
f o r  f i e l d  communicat ions.  A t  remote s i t e s ,  a CB r a d i o  may be r e q u i r e d  f o r  
emergency communicat ion.  In  any e v e n t ,  two means of  communication ( p r i m a r y  
and backup)  a r e  recommended f o r  each  network.  F i e l d  e x p e d i e n t  means,  
i n c l u d i n g  hand s i g n a l s ,  can  be used .  

Decontaminat ion  equipment may i n c l u d e  s o l v e n t s ,  s o l u t i o n s ,  water 
s p r a y e r s ,  steam c l e a n e r s ,  t u b s ,  b u c k e t s ,  and b r u s h e s .  Most o f  t h i s  equipment  
i s  r e a d i l y  a v a i l a b l e  l o c a l l y .  The methods and equipment used i n  decontam- 
i n a t i n g  pe r sonne l  , per sona l  p r o t e c t i o n  equipment ,  sampling d e v i c e s ,  a i r  
m o n i t o r i n g  equipment ,  d r i l l  r i g s  and o t h e r  heavy equipment ,  and sample 
c o n t a i n e r s  must be s e l e c t e d  f o r  t h e  s p e c i f i c  work be ing  done and t h e  
c o n t a m i n a n t s  expec ted  a t  t h e  s i t e .  

Emergency equipment  i n c l u d e s  f i r s t  a i d  k i t s ,  eye wash s t a t i o n s ,  f i r e  
e x t i n g u i s h e r s ,  s t r e t c h e r s ,  s p i l l  c o n t r o l  equipment ,  and o t h e r  r e sponse  
equipment .  The s i t e - s p e c i f i c  h e a l t h  and s a f e t y  p l a n  should  s p e c i f y  t h e  
emergency equipment  r e q u i r e d .  

5 . 2 . 6  Standa rd  O p e r a t i n g  P r o c e d u r e s  

S tanda rd  o p e r a t i n g  p rocedures  have been developed  by EPA to promote 
s a f e t y  a t  haza rdous  was te  s i t e s .  
Guides  (U.S. EPA, 1982e) d e s c r i b e  p rocedures  t h a t  p rov ide  u n i f o r m i t y  from s i t e  
t o  s i t e ,  t h e r e b y  s i m p l i f y i n g  t h e  t r a i n i n g  and work p l a n  p r e p a r a t i o n .  S t anda rd  
o p e r a t i n g  p rocedures  f o r  a comprehensive h e a l t h  and s a f e t y  program i n c l u d e  
b a s i c  s i t e  r u l e s ,  s i t e  o r g a n i z a t i o n ,  m o n i t o r i n g ,  l e v e l s  of  p r o t e c t i o n ,  commu- 
n i c a t  i ons  , and emergency r e sponse .  For each  o f  t h e s e  procedures  , a p p l i c a -  
b i l i t y ,  imp lemen ta t ion ,  r e s p o n s i b i l i t y ,  and r eco rdkeep ing  should  be  addres sed  
i n  t h e  s i t e - s p e c i f i c  p l a n .  

The EPA I n t e r i m  S tanda rd  Opera t ing  S a f e t y  

EPA h a s  d e f i n e d  l e v e l s  of  p r o t e c t i o n  i n  t h e  I n t e r i m  S tanda rd  Opera t ing  
S a f e t y  Guides t o  p rov ide  a common v o c a b u l a r y  t o  d e s c r i b e  pe r sona l  p r o t e c t i o n  
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equipment. The four  l e v e l s  a f f o r d  va ry ing  degrees  of r e s p i r a t o r y  p r o t e c t i o n ,  
dermal p r o t e c t i o n ,  and p r o t e c t i o n  from t r aumat i c  i n j u r y .  

Level A i s  the llmoonsuit," which c o n s i s t s  of a t o t a l l y  encapsulated 
chemical ly  p r o t e c t i v e  s u i t  with se l f - con ta ined  b rea th ing  appa ra tus  , 
o f f e r i n g  the  h ighes t  degree of  r e s p i r a t o r y  and dermal  p r o t e c t i o n .  

Level B provides  maximal r e s p i r a t o r y  p r o t e c t i o n  through t h e  use of 
suppl ied a i r  or  s e l f - con ta ined  b r e a t h i n g  apparatus  ; t h e  l e v e l  of  
dermal p r o t e c t i o n  i s  s e l e c t e d  on t h e  b a s i s  of a n t i c i p a t e d  haza rds .  

9 Level C i n c o r p o r a t e s  an a i r - p u r i f y i n g  r e s p i r a t o r  which i s  s p e c i f i c  t o  
the  contaminant(s)  of concern;  t h e  degree of dermal p r o t e c t i o n ,  a s  i n  
Level B y  depends on the a n t i c i p a t e d  d e r m a l  hazards .  A supp l i ed  a i r  
escape pack may be  r equ i r ed  i n  some Level C ensembles. 

Level D i s  b a s i c a l l y  a work uniform. 

Many v a r i a t i o n s  a r e  p o s s i b l e  wi th in  each l e v e l ,  and these  v a r i a t i o n s ,  e . g . ,  
g loves ,  c o v e r a l l  m a t e r i a l ,  and sp la sh  garments ,  m u s t  be s p e c i f i e d  i n  the s i t e  
h e a l t h  and s a f e t y  p l an .  C r i t e r i a  f o r  t h i s  s e l e c t i o n ,  o u t l i n e d  i n  the  EPA 
I n t e r i m  Guides, a r e  b e s t  determined by p r o f e s s i o n a l  judgment and r e s e a r c h .  

5.3 SITE-SPECIFIC HEALTH AND SAFETY PLANS 

A w r i t t e n  s i t e - s p e c i f i c  h e a l t h  and s a f e t y  p l an  con ta ins  an assessment of  
t h e  s i t e  hazards  and s p e c i f i c  procedures t o  p r o t e c t  workers from t h e s e  
hazards .  The p repa ra t ion  of the plan e n t a i l s  a d e t a i l e d  review not only of 
a l l  a v a i l a b l e  s i t e  d a t a ,  but  a l s o  of t h e  R I  a c t i v i t i e s  planned i n  o r d e r  t o  
eva lua te  p o t e n t i a l  exposures and the  means t o  reduce t h e s e  exposures.  The 
h e a l t h  and s a f e t y  p l an  i s  a document t a i l o r e d  t o  s p e c i f i c  a c t i v i t i e s  a t  a 
s p e c i f i e d  s i t e  under s p e c i f i e d  c o n d i t i o n s .  It d e t a i l s  both procedures and 
equipment, a s  w e l l  a s  l i m i t a t i o n s  on a c t i v i t i e s .  

The s i t e  h e a l t h  and s a f e t y  plan is  e s s e n t i a l  i n  the planning process  and 
i s  a va luab le  t o o l  f o r  a l l  team members during l a t e r  o p e r a t i o n s .  It i s  f r e -  
quent ly  consul ted du r ing  s i t e  o p e r a t i o n s ,  and a copy must be posted so t h a t  
a l l  personnel ,  i nc lud ing  v i s i t o r s ,  can e a s i l y  read i t .  Because i t  c o n t a i n s  
i n s t r u c t i o n s  and telephone numbers fo r  emergencies , it  should be posted near  
t h e  telephone and o t h e r  communication equipment. 

Although the s i t e  s a f e t y  p l an  i s  of  n e c e s s i t y  d e t a i l e d ,  c o n d i t i o n s  a t  a 
s i t e  w i l l  i n e v i t a b l y  change, e i t h e r  n a t u r a l l y  with time o r  through the  
a c t i v i t y  of va r ious  p a r t i e s ,  including t h e  R I  team. Accordingly,  a procedure 
f o r  modifying the s i t e  s a f e t y  p l an  m u s t  be s p e c i f i e d  i n  the  h e a l t h  and s a f e t y  
program. Many programs s p e c i f y  t h a t  a m o d i f i c a t i o n  agreed t o  by the team 
l e a d e r  and S i t e  Sa fe ty  Of f i ce r  can be telephoned t o  the Heal th  and S a f e t y  
Di rec to r  f o r  ve rba l  approval .  Other programs r e q u i r e  w r i t t e n  approval of  
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m o d i f i c a t i o n s  t o  the s i t e  s a f e t y  p l an  i n  o rde r  t o  minimize p o t e n t i a l  misunder- 
s t a n d i n g s .  Regardless ,  any m o d i f i c a t i o n s  t o  the o r i g i n a l  s i t e  s a f e t y  plan 
should be c l e a r l y  marked on the posted plan and explained t o  a l l  team members. 

5 .3 .1  P r e p a r a t i o n  and Approval 

The s i t e  h e a l t h  and s a f e t y  plan should be prepared c o n c u r r e n t l y  with t h e  
sampling plan.  Early p repa ra t ion  of t he  h e a l t h  and s a f e t y  plan i s  v a l u a b l e  i n  
i d e n t i f y i n g  p o t e n t i a l  problems, i nc lud ing  the a v a i l a b i l i t y  of  adequately 
t r a i n e d  personnel ,  equipment, and funds.  Inpu t s  t o  the p l an  include a 
d e t a i l e d  s i t e  d e s c r i p t i o n  and maps , r e s u l t s  of  previous 'sampling a c t i v i t i e s  , 
and f i e l d  r e p o r t s .  The plan preparer  should review a l l  information about t h e  
s i t e .  A t  t he  same t i m e ,  t h e  preparer must review a l l  proposed a c t i v i t i e s  t o  
i d e n t i f y  p o t e n t i a l l y  hazardous o p e r a t i o n s  and exposures.  P r o f e s s i o n a l  
judgment i s  r equ i r ed  t o  e v a l u a t e  s i t e  c o n d i t i o n s  and p r e s c r i b e  a p p r o p r i a t e  
p r o t e c t i v e  measures.  Each i n v e s t i g a t i o n  plan w i l l  vary as t o  degree o f  
p l ann ing ,  s p e c i a l  t r a i n i n g ,  s u p e r v i s i o n ,  and p ro tec t ive .  equipment. The Heal th  
and Sa fe ty  D i r e c t o r  must g ive  f i n a l  approval  t o  the  p l an .  Because of poten- 
t i a l  l i a b i l i t y  concerns , each employer i s  r e s p o n s i b l e  f o r  approving h e a l t h  and 
s a f e t y  plans f o r  i t s  own employees. The plans must conform t o  the  agency 's  o r  
f i r m ' s  h e a l t h  and ' s a fe ty  program. 

5.3.2 S i t e  Desc r ip t ion  

The s i t e  h e a l t h  and s a f e t y  plan s t a r t s  with a b r i e f  d e s c r i p t i o n  of t he  
s i t e ,  i nc lud ing  l o c a t i o n ,  topography, c l i m a t e ,  h i s t o r y ,  c u r r e n t  s t a t u s  of 
wastes and o t h e r  m a t e r i a l s  o n - s i t e ,  l e g a l  s t a t u s ,  s i t e  s e c u r i t y ,  and a summary 
of the waste t y p e s ,  q u a n t i t i e s ,  l o c a t i o n s ,  e t c .  The d e s c r i p t i o n  i s  b r i e f  
because a l l  of  t he  d a t a  a r e  given i n  o t h e r  documents. The a v a i l a b i l i t y  of 
r e s o u r c e s ,  such a s  roads ,  water supply,  e l e c t r i c i t y ,  and te lephone,  i s  
reviewed. This  i n t r o d u c t o r y  s e c t i o n  a l s o  s t a t e s  t h e  purpose of t he  remedial  
i n v e s t i g a t i o n  and l i s t s  the planned a c t i o n s  and d a t e s .  This d e s c r i p t i o n  i s  
important  because i t  i s  t h e  b a s i s  f o r  the p re sc r ibed  p r o t e c t i v e  s t r a t e g i e s .  
Changes i n  the  s i t e  or  a c t i v i t y  d e s c r i p t i o n s  may s i g n a l  t he  need t o  r e v i s e  the  
p l a n .  

5.3.3 Hazard Eva lua t ion  

Tox ico log ica l  d a t a  on the wastes known o r  suspected t o  be present  a r e  
summarized. P a r t i c u l a r l y  important i s  an a n a l y s i s  of exposure r o u t e s  and 
information r ega rd ing  pe rmis s ib l e  exposure l e v e l s  , such a s  the  th re sho ld  
l i m i t  v a l u e s  ( T L V s )  o r  OSHA permiss ib l e  exposure l i m i t s  (PELS) .  An a n a l y s i s  
of s y n e r g i s t i c  o r  a d d i t i v e  e f f e c t s  should be included.  Because of t he  r ap id  
growth of r e s e a r c h  i n  t h i s  a r e a ,  c u r r e n t  information on t o x i c i t y  i s  as essen- 
t i a l  t o  t h i s  a n a l y s i s  a s  i s  a b a s i c  knowledge o f  t ox ico logy .  Many of  t h e  
sources  l i s t e d  i n  t h e  b ib l iog raphy  a r e  u s e f u l  t e x t s  f o r  hazard e v a l u a t i o n .  In  
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a d d i t i o n ,  EPA, t he  Nat ional  I n s t i t u t e s  of Hea l th ,  and o t h e r  agencies  ma in ta in  
o n l i n e  toxicology d a t a  s e r v i c e s  f o r  s u b s c r i b e r s  and member l i b r a r i e s .  These 
s e r v i c e s  include Medline, Toxl ine,  and Chemline, which provide t o x i c i t y  d a t a  
and information on exposure symptoms and e f f e c t s ,  a s  wel l  as  guidance on 
proper p r o t e c t i o n  and decontamination. 'The Chemical Information Resources 
Handbook and OTS Information A r c h i t e c t u r e  Handbook are a d d i t i o n a l  sources  o f  
informat ion.  

T o x i c i t y  may be  c h a r a c t e r i z e d  by dose-response r e l a t i o n s h i p s .  A concen- 
t r a t i o n  or  dose,  termed the th re sho ld  l i m i t  v a l u e ,  i s  sought below which no 
t o x i c  e f f e c t  i s  observed.  Tox ic i ty  e f f e c t s  a r e  a func t ion  of the s p e c i f i c  
chemical agent , s y n e r g i s t i c  e f f e c t s  with o t h e r  chemical agents  , dose,  r o u t e  o f  
exposure,  and ind iv idua l  s u s c e p t i b i l i t y .  Thus, f o r  a f u l l  assessment o f  t hese  
hazards  , each contaminant must be i d e n t i f i e d  , t he  concen t r a t  ions m u s t  be 
measured, t h e  r o u t e s  of exposure must  be e v a l u a t e d ,  and the o v e r a l l  h e a l t h  
s t a t u s  of the worker must be med ica l ly  reviewed. Often,  some of t h i s  informa- 
t i o n  i s  unava i l ab le .  Accordingly,  t h e  personal  p r o t e c t i o n  recommendations 
should be conse rva t ive  t o  a l low fo r  missing information.  

Threshold l i m i t  va lues  f o r  occupa t iona l  exposures have been published 
f o r  approximately 600 of t he  over  60,000 known chemical substances i n  com- 
merc i a l  u s e .  Even f o r  t hese  600 s u b s t a n c e s ,  t h e  cancer-causing p o t e n t i a l  i s  
inade quat el  y cha r  ac t e r  i zed ( Ame r i c an Con f e r  ence o f Gov ernmen t a 1 Ind us  t r i a 1 
Hyg ien i s t s ,  1984).  The Nat ional  Toxicology Program of t h e  Department of 
Health and Human Se rv ices  has embarked on a major program t o  i d e n t i f y  ca rc ino -  
gens.  I ts  1983 annual r e p o r t  l i s t s  1 1 7  subs t ances  known o r  reasonably sus-  
pected t o  be carcinogens.  Also,  t he  I n t e r n a t i o n a l  Agency f o r  Research on 
Cancer ( I A R C )  has published a s e r i e s  of monographs e v a l u a t i n g  carcinogen r i s k  
of numerous chemicals t o  humans. Many of t he  substances s tud ied  b y  t hese  
agencies  have been i d e n t i f i e d  a t  hazardous waste s i t e s .  The mutagenic and 
t e r a t o g e n i c  impacts ,  which lead t o  b i r t h  d e f e c t s  , m i s c a r r i a g e ,  s t e r i l i t y ,  and 
chromosomal a b n o r m a l i t i e s ,  of t he  60,000 known chemical substances a r e  even 
less w e l l  c h a r a c t e r i z e d .  Exposure t o  carcinogens , t e r a togens  , and mutagens 
should be reduced t o  the  lowest p o s s i b l e  l e v e l  i n  o rde r  t o  avoid long-term 
e f f e c t s  . 

The hazard e v a l u a t i o n  a l s o  examines phys ica l  f a c t o r s ,  such as  p o t e n t i a l  
heat  s t ress ,  f r o s t b i t e ,  n o i s e ,  r a d i a t i o n ,  f a l l s ,  e l e c t r i c a l  shock, heavy 
equipment use  , u n s t a b l e  ground o r  s t r u c t u r e s  , and b a r r i e r s .  Any b i o l o g i c a l  
hazards  (poisonous animals,  i n s e c t s ,  o r  p l a n t s )  should a l s o  be addressed.  

The b e s t  p r o t e c t i o n  s t r a t e g i e s  m u s t  f i r s t  and foremost p r o t e c t  t he  worker 
from known or  reasonably a n t i c i p a t e d  hazards .  The s t r a t e g i e s  m u s t  be p r a c t i -  
c a l  f o r  use i n  the  f i e l d  and not i n t roduce  g r e a t e r  haza rds .  For example, 
manual d e x t e r i t y ,  f i e l d  of v i s i o n ,  and a g i l i t y  may a l l  be reduced by t h e  use 
of personal  p r o t e c t i o n  equipment. Also,  t he  use of chemical ly  p r o t e c t i v e  
impermeable c l o t h i n g ,  e s p e c i a l l y  when combined with the physical  s t ress  of  
c a r r y i n g  2 5  t o  50 pounds of  p r o t e c t i v e  g e a r ,  promotes the  onset  of  hea t  
stress,  even when ambient temperatures  a r e  low. The s i t e  s a f e t y  p l an  m u s t  
s t r i k e  a balance between adequate p r o t e c t i o n ,  l o c a l  c o n d i t i o n s ,  and increased 
worker discomfort .  However, under no c o n d i t i o n  should comfort be a dec id ing  
f a c t o r  i n  t h e  s e l e c t i o n  of p r o t e c t i v e  ensembles. 
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The need t o  accomplish R I  t a s k s  w i t h i n  budget c o n s t r a i n t s  i s  a foremost 
concern.  However, short-term sav ings  should be weighed a g a i n s t  t he  c o s t  o f  
long-term l i a b i l i t y  f o r  loss of  well-being and h e a l t h  which might r e su l t  from 
inadequate p r o t e c t  i on .  

5.3.4 Monitoring Requirements 

The monitor ing requirements  a r e  based on t h e  hazard e v a l u a t i o n .  They 
should be as  s p e c i f i c  a s  p o s s i b l e ,  al though f o r  many s i t e s ,  t o t a l  o rgan ic  
uapor a n a l y s e s ,  r a t h e r  than compound s p e c i f i c  a n a l y s e s ,  a r e  most p r a c t i c a l .  

One of  the b i g g e s t  problems i n  p r o t e c t i n g  on - s i t e  workers and the  nearby 
community i s  t h e  v i r t u a l  i m p o s s i b i l i t y  of  i d e n t i f y i n g  and quan t i fy ing  poten- 
t i a l  exposures from every contaminant on the s i t e  i n  r e a l  t i m e .  By t h e  t i m e  
l a b o r a t o r y  r e s u l t s  a r e  a v a i l a b l e ,  s i t e  c o n d i t i o n s  may have changed o r  the R I  
f i e l d  work may be complete.  Real-time a n a l y t i c a l  techniques and instrumenta- 
t i o n  a r e  s e v e r e l y  l i m i t e d  i n  a p p l i c a b i l i t y .  Amajo r  c o n s t r a i n t  i s  t h e  need 
f o r  p r i o r  knowledge of t he  contaminants of  concern i n  o rde r  t o  be ab le  t o  
s e l e c t  i n s t rumen ta t ion  and a n a l y t i c a l  s t a n d a r d s .  Survey methods, such a s  
t o t a l  organic  vapor s ,  have been developed t o  serve a s  i n d i c a t o r s ,  bu t  expe r t  
judgment is  r equ i r ed  t o  i n t e r p r e t  monitoring d a t a  and t o  s e l e c t  opt imal  
p r o t e c t i o n  s t r a t e g i e s .  

5.3.5 Levels of  P r o t e c t i o n  

The plan m u s t  d e s c r i b e  the l e v e l  o f  p r o t e c t i o n  ( A ,  B ,  C,  or D, desc r ibed  
i n  s e c t i o n  5.2.6) f o r  each work a c t i v i t y  ( e . g . ,  sampling, d r i l l i n g ,  decon- 
t amina t ion )  and. the m o d i f i c a t i o n s  r equ i r ed  f o r  i n i t i a l  s i t e  e n t r y .  It may set 
c r i t e r i a ,  g e n e r a l l y  based on the monitor ing d a t a ,  t o  upgrade o r  downgrade t h e  
l e v e l  of  p r o t e c t i o n .  When t h e  s i t e  c o n t a i n s  chemicals of unknown concentra- 
t i o n s  and composition, a worst-case scena r io  should be assumed. Included i n  
t h i s  s e c t i o n  of  t he  plan a r e  recommendations f o r  s p e c i f i c  c l o t h i n g ,  g l o v e s ,  
e t c .  

5.3.6 Work L i m i t a t i o n s  

T y p i c a l l y ,  a h e a l t h  and s a f e t y  plan i s  designed f o r  a s p e c i f i c  set of 
a c t i v i t i e s .  The plan d e s c r i b e s  l i m i t a t i o n s  on these  a c t i o n s ,  such a s  pro- 
h i b i t e d  access  t o  c e r t a i n  high-hazard a r e a s ,  and sets f o r t h  requirements  f o r  
l i g h t i n g ,  d u r a t i o n  of work s h i f t ,  e t c .  

5.3.7 Authorized Personnel  

The plan d e s c r i b e s  the  r e s p o n s i b i l i t i e s  of  each team member, i nc lud ing  
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t h e  s i t e  team l e a d e r  and S i t e  S a f e t y  O f f i c e r .  Approval o f  pe r sonne l  by  t h e  
Hea l th  and S a f e t y  D i r e c t o r  h e l p s  t o  e n s u r e  t h a t  t h e y  have  t h e  p rope r  med ica l  
and t r a i n i n g  c e r t i f i c a t i o n s .  

5.3.8 Decontaminat ion  
I 
Y 

The requ i r emen t s  f o r  decon tamina t ion  a r e  p r e s c r i b e d  i n c l u d i n g  equipment ,  
s o l u t i o n s ,  and s tep-by-s tep  p rocedures .  
add res sed  i s  t h e  d i s p o s a l  o f  waste m a t e r i a l s  g e n e r a t e d  d u r i n g  t h e  i n v e s t i -  
g a t i o n .  Disposa l  o f  t h e s e  m a t e r i a l s ,  which i n c l u d e  decon tamina t ion  s o l u t i o n s ,  
d r i l l i n g  c u t t i n g s  o r  f l u i d s ,  d i s p o s a b l e  sampl ing  d e v i c e s ,  d i s p o s a b l e  c l o t h i n g ,  
g l o v e s ,  r e s p i r a t o r  c a r t r i d g e s ,  and c a n i s t e r s ,  may r e q u i r e  pe rmi t s  under RCRA. 

One problem t h a t  may need t o  b e  

. I  

5.3.9 Emergency I n f o r m a t i o n  

Every s i t e  h e a l t h  and s a f e t y  p l a n  should  c o n t a i n  t h e  emergency t e l e p h o n e  
numbers f o r  p o l i c e ,  f i r e ,  ambulance,  and h o s p i t a l  and a map c l e a r l y  showing 
t h e  f a s t e s t  r o u t e  t o  t h e  h o s p i t a l .  Other  u s e f u l  emergency i n f o r m a t i o n  
i n c l u d e s  t e l ephone  numbers of  t h e  p o t e n t i a l l y  r e s p o n s i b l e  p a r t y  ( i f  known),  
home o f f i c e ,  EPA, po i son  c o n t r o l  c e n t e r ,  and c o n s u l t i n g  p h y s i c i a n .  
o f  a copy of s t a n d a r d  procedures  f o r  r e p o r t i n g  emergenc ie s ,  such a s  whom t o  
c a l l  and what i n f o r m a t i o n  t o  g i v e ,  i s  a l s o  v a l u a b l e .  

I n c l u s i o n  
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CHAPTER 6 

INSTITUTIONAL ISSUES 

6.1 INTRODUCTION 

Remedial i n v e s t i g a t i o n s  undertaken pursuant t o  CERCLA o f t e n  invo lve  
i n s t i t u t i o n a l  i s s u e s  r e l a t i n g  t o  Fede ra l ,  S ta te ,  and l o c a l  r e g u l a t i o n s  , 
p o l i c i e s ,  and g u i d e l i n e s .  This chap te r  o u t l i n e s  t h e  i n s t i t u t i o n a l  i s s u e s  
r e l a t e d  t o  v a r i o u s  components of a remedial  i n v e s t i g a t i o n ,  i nc lud ing  s i t e  
e n t r y  and d a t a  c o l l e c t i o n ,  community s a f e t y  and h e a l t h ,  community r e l a t i o n s ,  
and coord ina t ion  with o t h e r  agenc ie s  o r  o r g a n i z a t i o n s .  Worker s a f e t y  and 
h e a l t h  i s s u e s  were desc r ibed  i n  c h a p t e r  5 .  

This chap te r  e x p l a i n s  the  i n s t i t u t i o n a l  requirements  and t h e i r  p o t e n t i a l  
a f f e c t s  on the  rentedial i n v e s t i g a t i o n .  Compliance with t h e s e  r e g u l a t i o n s  i s  
important not only t o  the  remedial  i n v e s t i g a t i o n  b u t  a l s o  t o  o t h e r  phases of  
t he  response and t o  enforcement a c t i o n s .  
remedial i n v e s t i g a t i o n  a r e  c r i t i c a l  t o  enforcement proceedings and t o  t h e  
development and e v a l u a t i o n  of remedial  a l t e r n a t i v e s  i n  t h e  f e a s i b i l i t y  s tudy ;  
t h e r e f o r e ,  the v a l i d i t y  of t h e  d a t a  should be ensured by fol lowing p r e s c r i b e d  
procedures.  

The d a t a  c o l l e c t e d  du r ing  t h e  

6.2 SITE ACCESS AND DATA COLLECTION 

In  o rde r  t o  p r o t e c t  a l l  p a r t i e s  and t o  ensure t h a t  t h e  d a t a  c o l l e c t e d  a r e  
admissible  i n  l e g a l  proceedings , f i e l d  personnel should e n t e r  hazardous waste 
s i t e s  on ly  i n  accordance with l e g a l  procedures .  The r e v i s e d  guidance on S t a t e  
p a r t i c i p a t i o n  i n  t h e  Superfund remedial  program (U.S. EPA, Of f i ce  of Emergency 
and Remedial Response (OERR); September 2 2 ,  1982) i n d i c a t e s  t h a t  t he  S t a t e ,  t o  
t he  ex ten t  of i t s  l e g a l  a b i l i t y ,  i s  r e s p o n s i b l e  f o r  ob ta in ing  s i t e  access  i f  
EPA asks it t o  do so. However, i t  i s  important f o r  the use r  t o  be  aware of  
the s i t e  access  c o n s i d e r a t i o n s  o u t l i n e d  below. 

6 .2 .1  Consensual Entry 

CERCLA s e c t i o n  1 0 4 ( e ) ( l )  r e q u i r e s  any person who handles  hazardous 
substances t o  " f u r n i s h  i n f o r m a t i o n  r e l a t i n g  t o  such substances and permit . . . 
[ r e p r e s e n t a t i v e s  of t h e  P r e s i d e n t  o r  of a S t a t e ]  a t  a l l  r easonab le  times t o  
have access  t o ,  and t o  copy a l l  r eco rds  r e l a t i n g  t o  such subs t ances . "  S e c t i o n  
1 0 4 ( e ) ( l )  a l s o  a u t h o r i z e s  t h e  r e p r e s e n t a t i v e s  t o  e n t e r  e s t ab l i shmen t s  where 
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hazardous subs t ances  have been loca ted  and t o  in spec t  and o b t a i n  samples i n  
o r d e r  t o  determine the  need t o  respond t o  a r e l e a s e  o r  t o  en fo rce  the 
p rov i s ions  of T i t l e  I of CERCLA (Hazardous Substances Releases , L i a b i l i t y ,  
Compensation). CERCLA l e g i s l a t i v e  h i s t o r y  makes c l e a r  t h a t  government 
c o n t r a c t o r s  a r e  considered r e p r e s e n t a t i v e s  of  t he  P res iden t  o r  of t he  S t a t e  
and a r e  au tho r i zed  t o  perform i n s p e c t i o n s .  

Before a t t empt ing  t o  e n t e r  a s i t e ,  the i n s p e c t o r  should g ive  advance 
n o t i c e  of t h e  i n s p e c t i o n  t o  the owner of  t h e  s i t e .  S u r p r i s e  i n s p e c t i o n s  can 
be d e t r i m e n t a l  t o  t h e  i n v e s t i g a t i o n  process .  The i n s p e c t o r  should o b t a i n  t h e  
owner 's  v e r b a l  consent f o r  the i n s p e c t i o n  o r  i n v e s t i g a t i o n .  In  cases  where 
d i f f i c u l t y  i n  e n t e r i n g  is  a n t i c i p a t e d ,  t he  i n s p e c t o r  should at tempt  t o  o b t a i n  
the  s i t e  owner 's  consent  i n  w r i t i n g .  If t he  s i t e  owner (who i s  i d e n t i f i e d  
d u r i n g  the  p re l imina ry  assessment) i s  not a v a i l a b l e  , the  in spec to r  should 
c o n t a c t  t he  s i t e  o p e r a t o r  o r  o t h e r  person i n  charge.  

The i n s p e c t o r  should make c l e a r  t h a t  he or  she is  a c o n t r a c t o r  o r  
government employee when r eques t ing  access  t o  a s i t e .  F i e l d  personnel must 
avoid even the appearance of t h r e a t e n i n g  o r  coe rc ing  the person i n  charge o f  
t h e  s i t e  t o  g a i n  e n t r y ;  o the rwise  a l l  d a t a  c o l l e c t e d  du r ing  t h a t  i n s p e c t i o n  
may be l e g a l l y  i n v a l i d .  The person i n  charge may withdraw consent a t  any 
t i m e ;  i f  t h i s  o c c u r s ,  a l l  f i e l d  personnel should immediately l eave  the  s i t e  
( l a t e r  e n t r y ,  i f  necessa ry ,  would be nonconsensual)  . A l l  d a t a  c o l l e c t e d  u n t i l  
consent  i s  withdrawn a r e  l e g a l l y  v a l i d .  Observat ion from p u b l i c l y  a c c e s s i b l e  
p rope r ty  may con t inue  a f t e r  consent i s  withdrawn, but  mechanical a i d s  such a s  
b i n o c u l a r s  and d e t e c t i o n  equipment may not be used i n  such obse rva t ion .  The 
person i n  charge may a l s o  g ive  consent with r e s t r i c t i o n s ,  such as execut ion o f  
hold harmless o r  c o n f i d e n t i a l i t y  agreements.  Requiring such agreements should 
be t r e a t e d  as  a r e f u s a l  of e n t r y ;  however, minor r e s t r i c t i o n s  t h a t  do not 
compromise the  remedial  i n v e s t i g a t i o n  may be accepted.  

6 . 2 . 2  Nonconsensual Entry 

The person i n  charge of a s i t e  has t h e  r i g h t  t o  deny e n t r y  un le s s  t h e r e  
i s  a warrant  o r  c o u r t  o rde r  procured. I f  one owner r e f u s e s  e n t r y  and another  
consen t s  o r  i f  t.he owner o r  person i n  charge cannot be l o c a t e d ,  t h e  i n s p e c t o r  
should assume t h a t  e n t r y  i s  r e fused .  I f  access  is denied,  t he  i n s p e c t o r  
should no te  the  name of t h e  person r e f u s i n g  e n t r y ,  t h e  d a t e  and t i m e ,  t he  
r easons  given f o r  r e f u s a l ,  and any o t h e r  r e l e v a n t  information.  The f i e l d  
personnel  should then l eave  the s i t e ,  and the i n s p e c t o r  should n o t i f y  the  
Regional Enforcement Attorney and the  Deputy P r o j e c t  O f f i c e r ,  who g e n e r a l l y  
w i l l  apply f o r  a warrant o r  c o u r t  o r d e r .  The i n s p e c t i o n  should be conducted 
i n  s t r i c t  accordance with the warrant  o r  cour t  o r d e r .  To ensure the s e c u r i t y  
of  f i e l d  pe r sonne l ,  they should be accompanied, i f  p o s s i b l e ,  by a U.S. 
m a r s h a l l ,  who i s  p r i m a r i l y  charged with execut ing the  war ran t .  I f  v io l ence  i s  
th rea t ened  , o t h e r  s e c u r i t y  measures may be necessa ry .  
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6.2.3 Warrant less  Entry 

I n  an emergency when t h e r e  i s  not enough time t o  o b t a i n  a war ran t ,  a 
w a r r a n t l e s s  i n s p e c t i o n  is pe rmis s ib l e .  Emergencies include p o t e n t i a l  imminent 
hazard s i t u a t i o n s  o r  s i t u a t i o n s  where the  evidence may d i sappea r  o r  be 
des t royed .  Nonconsensual e n t r y  without a warrant should not be attempted 
without t he  a s s i s t a n c e  of  a U.S.  m a r s h a l l .  I f  p o s s i b l e ,  the u s e r  should 
at tempt  t o  o b t a i n  a warrant du r ing  the  t i m e  necessary t o  ga in  the m a r s h a l l ' s  
a s s i s t a n c e  because e n t r y  with a warrant i s  l e s s  l i k e l y  t o  be chal lenged i n  t h e  
f i e l d  o r  i n  c o u r t .  

6.2.4 C o n f i d e n t i a l i t y  

I f  t he  person i n  charge of a s i t e  c l a ims  t h a t  c e r t a i n  information i s  
c o n f i d e n t i a l  ( i . e . ,  e n t i t l e d  t o  p r o t e c t i o n  under s e c t i o n  1905 of T i t l e  18 of 
t h e  U.S. Code) and t h i s  c la im i s  not r e j e c t e d  by the a p p r o p r i a t e  EPA l e g a l  
o f f i c e ,  such information m u s t  not be d i s c l o s e d  t o  unauthorized persons.  
F a i l u r e  t o  p r o t e c t  c o n f i d e n t i a l  i n fo rma t ion  can r e s u 1 t . h  c r i m i n a l  p e n a l t i e s  
a g a i n s t  the in spec to r  and c i v i l  s u i t s  a g a i n s t  t he  lead agency. I f  a c la im of 
c o n f i d e n t i a l i t y  i s  made and consent i s  not withdrawn, information may s t i l l  be 
c o l l e c t e d ,  provided t h a t  t h e  g e n e r a l  EPA procedures f o r  handling c o n f i d e n t i a l  
information are followed ( s e e  40 CFR p a r t  2 ) .  Genera l ly ,  t he  person c o l l e c t -  
ing the information should have c o n f i d e n t i a l  bus iness  information (CBI) 
c l e a r a n c e ,  and f i l e s  claimed t o  be C B I  should be kept s e p a r a t e  from o t h e r  
f i l e s  and secure.  

6.2.5 Sampling 

CERCLA s e c t i o n  1 0 4 ( e ) ( l ) ( B )  imposes c e r t a i n  requirements  on sampling 
undertaken pursuant  t o  CERCLA. Before l eav ing  the  s i t e ,  f i e l d  personnel must 
g i v e  the  person i n  charge of  t h e  s i t e  a r e c e i p t  d e s c r i b i n g  the  samples  
obtained and, i f  reque'sted, a p o r t i o n  of  each sample equal  t o  the  p o r t i o n  
r e t a i n e d .  (Before sampling s t a r t s ,  t h e  i n s p e c t o r  should ask the  person i n  
charge whether s p l i t  samples are d e s i r e d . )  CERCLA a l s o  r e q u i r e s  t h a t  t h e  
r e s u l t s  of  sample a n a l y s i s  be fu rn i shed  promptly t o  t h e . p e r s o n  i n  charge of  
t he  s i te .  A l l  samples should be handled according t o  chain-of-custody 
g u i d e l i n e s  ( s e e  chap te r  3). 

6.2.6 Cont ro l  of  Contaminated Materials 

Contaminated m a t e r i a l s  are commonly generated du r ing  a remedial  i n v e s t i -  
g a t i o n .  Such materials inc lude  decontamination s o l u t i o n s ,  d i sposab le  equip- 
ment ( e . g . ,  p r o t e c t i v e  c l o t h i n g ) ,  d r i l l i n g  muds, and m a t e r i a l s  contaminated by 
s p i l l s  du r ing  the  i n v e s t i g a t i o n .  The work plan f o r  the remedial  i n v e s t i g a t i o n  
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( t h e  sampling plan)  should d e s c r i b e  t h e  means of c o n t r o l l i n g  contaminated 
m a t e r i a l s .  

Control of contaminated m a t e r i a l s  i nvo lves  minimizing the  q u a n t i t i e s  
generated and adequately s t o r i n g  and d i s p o s i n g  of t he  m a t e r i a l .  The contami- 
nated m a t e r i a l  may c o n t a i n  hazardous subs t ances  i n  s u f f i c i e n t  q u a n t i t i e s  or 
c o n c e n t r a t i o n s  t o  c l a s s i f y  i t  a s  hazardous waste under RCRA ( s e e  40 CFR p a r t  
261 s u b p a r t s  C and D). I f  so, s t o r a g e  and d i s p o s a l  should comply with the  
t e c h n i c a l  requirements  of RCRA. This r e f l e c t s  a p o l i c y  r ega rd ing  t h e  a p p l i -  
c a b i l i t y  of EPA-administered permit programs t o  a c t i o n  taken pursuant t o  
CERCLA. This po l i cy  has not yet  r ece ived  Agency approval .  Waivers t o  t h i s  
p o l i c y  may be granted on a case-by-case b a s i s  with the w i t t e n  approval of t h e  
A s s i s t a n t  Adminis t ra tor  fo r  t h e  Of f i ce  of So l id  Waste and Emergency Response 
(OSWER). The u s e r  should conform t o  the t e c h n i c a l  requirements  f o r  t h e  
s t o r a g e ,  d i s p o s a l ,  o r  o t h e r  handl ing of t h e  contaminated m a t e r i a l s  i n  order  t o  
p r o t e c t  pub l i c  h e a l t h  and we l fa re  and the environment.  

6 .3  LIABILITY 

I n j u r y  t o  workers o r  t h i r d  p a r t i e s  or damage t o  p rope r ty  du r ing  a reme- 
d i a l  i n v e s t i g a t i o n  can lead t o  l i a b i l i t y  c la ims a g a i n s t  f i e l d  personnel , t h e i r  
company, o r  t he  l ead  agency ( e . g . ,  EPA o r  t he  Coast Guard). The use r  of.  t h i s  
document should be aware of l i a b i l i t y  p rov i s ions  i n  o rde r  t o  a c t  a p p r o p r i a t e l y  
i n  the event of i n j u r y  or i l l n e s s  t o  workers and avoid a c t i o n s  t h a t  would make 
the  c o n t r a c t o r  o r  government l i a b l e  f o r  damages. 

6 .3 .1  Workers Compensation 

Under workers compensation, an employer is  u s u a l l y  exempt from damage 
s u i t s  i n i t i a t e d  by i t s  employees, and a l l  b e n e f i t s  f o r  personal  i n j u r y  caused 
by a c c i d e n t s  a r i s i n g  out of and i n  the  course of  employment a r e  paid out  of 
p re -e s t ab l i shed  funds financed by insurance premiums. Employees at  CERCLA 
s i t e s  a r e  included under d i f f e r e n t  workers compensation systems, depending on 
the  employer. A l l  Federal  employees , i nc lud ing  EPA and Coast Guard pe r sonne l ,  
a r e  covered by the  Federal  workers compensation program adminis tered by t h e  
Department of  Labor. A l l  S t a t e  employees a r e  covered under i n d i v i d u a l  S t a t e  
programs. P r i v a t e  employees , such a s  c o n t r a c t o r  personnel , a r e  covered under 
i n d i v i d u a l  S t a t e  workers compensation laws , which g e n e r a l l y  r e q u i r e  insurance 
o r  o t h e r  demonstrat ions of f i n a n c i a l  a b i l i t y  t o  compensate workers.  

I f  a S t a t e  or  c o n t r a c t o r  worker i s  i n j u r e d ,  t he  f i r s t  s t e p  i n  processing 
a c l a im i s  f i l i n g  a r e p o r t  with the  S t a t e  agency admin i s t e r ing  the  workers 
compensation s y s t e m .  If a c o n t r a c t o r  is  loca ted  i n  one S t a t e  and is  i n v e s t i -  
g a t i n g  a s i t e  i n  ano the r ,  t he  worker may have the  o p t i o n  of  f i l i n g  t h e  c l a im 
i n  e i t h e r  S t a t e ,  depending on S t a t e  laws. Then, i n  most c a s e s ,  the employee 
and employer reach an agreement based on the  p a r t i c u l a r  S t a t e  r e g u l a t i o n s  
concerning b e n e f i t s  and coverage,  and the  worker i s  compensated by t h e  
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employer or t he  employer 's  insurance company. I f  t h e r e  i s  some d i s p u t e ,  t h e  
worker appeals  t h e  case t o  the  S t a t e  agency. 

6 . 3 . 2  Federal  L i a b i l i t y  

i 
Although a worker might sue the  United S t a t e s  f o r  damages r e s u l t i n g  from 

work at  a Superfund s i te ,  t h e r e  a r e  l i m i t a t i o n s  on t h e  l i a b i l i t y  of a Fede ra l  
agency. The Federal  Tort  C l a i m s  Act (FTCA) provides  s t a t u t o r y  a u t h o r i t y  f o r  
recovering l o s s e s  from the  government under c e r t a i n  c o n d i t i o n s ,  b u t  recovery 
of  l o s s e s  from the  government i s  d i f f i c u l t .  As i n t e r p r e t e d  by t h e  Supreme 
Court ,  t h e  Government i s  immune from l i a b i l i t y  f o r  negl igence at  t h e  planning 
o r  p o l i c y  l e v e l ,  but no t  at t h e  o p e r a t i o n a l  l e v e l  ( i . e . ,  neg l igence  of a 
r e g u l a t o r y  o f f i c i a l  i n  p r e s c r i b i n g  s a f e t y  p recau t ions  a t  a s i t e ) .  

CERCLA s e c t i o n  107(d) p rec ludes  l i a b i l i t y  of t h e  government, f i r m s ,  o r  
i n d i v i d u a l s  f o r  " a c t i o n s  taken o r  omit ted i n  t h e  course of r ende r ing  c a r e ,  
a s s i s t a n c e ,  o r  advice i n  accordance with t h e  Na t iona l  Contingency Plan o r  a t  
t h e  d i r e c t i o n  of an on-scene coord ina to r "  with r e s p e c t  t o  a r e l e a s e  o r  t h r e a t  
of release o f  a hazardous substance.  This s e c t i o n ,  however, does not p rec lude  
l i a b i l i t y  f o r  damages t h a t  r e s u l t  from "gross negl igence o r  i n t e n t i o n a l  
misconduct ." 

6 . 3 . 3  S t a t e  L i a b i l i t y  

I f  t h e  S t a t e  i s  r e s p o n s i b l e  f o r  a response ( o r  c e r t a i n  a s p e c t s  of a 
response)  to the release o r  t h r e a t  of  release of  a hazardous subs t ance ,  t h e  
S t a t e  may be l i a b l e  fo r  damages r e s u l t i n g  from those response a c t i o n s .  CERCLA 
s e c t i o n  107(d) l i m i t s  t he  l i a b i l i t y  of  t h e  S t a t e  t o  damages r e s u l t i n g  from 
g r o s s  negl igence o r  i n t e n t i o n a l  misconduct ( s e e  s e c t i o n  6 . 3 . 2 ) ;  t h e  l i a b i l i t y  
of the  S t a t e  may be f u r t h e r  l i m i t e d  by S t a t e  t o r t  l a w .  For example, i n  some 
S t a t e s ,  g r o s s  c r imina l  negl igence by t h e  S t a t e  must be shown b e f o r e  any S t a t e  
e n t i t y  can be prosecuted.  

The S t a t e ' s  l i a b i l i t y  f o r  con t r ac t ed  work v a r i e s  depending on the  con- 
t r a c t .  Some S t a t e s  (e .g . ,  New J e r s e y  and C a l i f o r n i a )  include language i n  
c o n t r a c t s  t h a t  indemnif ies  the'  S t a t e  from l i a b i l i t y  f o r  t h i r d - p a r t y  claims, 
p l ac ing  t h e  r e s p o n s i b i l i t y  on t h e  c o n t r a c t o r .  

6 . 3 . 4  Employer L i a b i l i t y  

I n  most c a s e s ,  employers such as c o n t r a c t o r s  would not be  l i a b l e  f o r  
i n j u r i e s  o r  i l l n e s s e s  incu r red  by workers a t  a Superfund s i t e ;  d i s a b i l i t i e s  
normally .would be compensated through workers compensation. I n  s e v e r a l  r e c e n t  
c a s e s ,  however, t h e  c o u r t s  have r u l e d  t h a t  t h e r e  .are s i t u a t i o n s  where an 
i n j u r e d  worker can sue an employer. These s i t u a t i o n s  inc lude  i n t e n t i o n a l l y  
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harmful a c t s  by employers and i n j u r i e s  r e s u l t i n g  from f a u l t y  equipment manu- 
f ac tu red  and provided by the employer. It is  important t o  no te ,  however, t h a t  
t h e  p r i n c i p l e s  of  l i a b i l i t y  depend on S t a t e  law and d i f f e r  markedly from S t a t e  
t o  S t a t e .  

Con t rac to r  l i a b i l i t y  is  l i m i t e d  by CERCLA s e c t i o n  107(d) to  damages 
r e s u l t i n g  from g r o s s  negl igence or  i n t e n t i o n a l  misconduct ( s e e  s e c t i o n  6 . 3 . 2 ) .  
C o n t r a c t o r s  of t h e  Federal  Government ( e . g . ,  t h e  REM/FIT zone c o n t r a c t o r s )  
are,  as  s p e c i f i e d  i n  t he  c o n t r a c t s ,  g e n e r a l l y  not l i a b l e  fo r  damages t o  t h i r d  
p a r t i e s  r e s u l t i n g  from response a c t i o n s .  Other c o n t r a c t o r s ,  i nc lud ing  con- 
t r a c t o r s  t o  S t a t e s  or  p r i v a t e  p a r t i e s ,  may, however, be l i a b l e  t o  t h i r d  par- 
t i es  i n  some i n s t a n c e s ,  depending on the  c o n t r a c t .  

6 . 4  SUBCONTRACTING FOR SPECIAL SERVICES 

The use r  may need t o  a r r ange  f o r  s e r v i c e s  ( e . g . ,  sample a n a l y s i s ,  engi- 
n e e r i n g ,  c o n s t r u c t i o n )  t h a t  cannot be supp l i ed  through e x i s t i n g  c o n t r a c t  
v e h i c l e s .  For example, samples r e q u i r i n g  unusual a n a l y t i c a l  equipment might 
be analyzed i n  a l a b o r a t o r y  t h a t  is not a p a r t  of t he  Contract  Labora to r i e s  
Program (CLP). 

Knowledge of  t he  va r ious  c o n t r a c t  t y p e s  and .methods f o r  s e l e c t i n g  a 
c o n t r a c t o r  w i l l  reduce cos t  u n c e r t a i n t i e s  and ensure t ime ly ,  q u a l i t y  work. 
Ava i l ab le  guidance should be reviewed t o  o b t a i n  r e l e v a n t  i n fo rma t ion .  Such 
guidance may inc lude  EPA o r  S t a t e  procurement r e g u l a t i o n s ,  o r  t he  EPA P r o j e c t  
O f f i c e r ' s  Handbook. The a p p r o p r i a t e  c o n t r a c t i n g  o r  procurement o f f i c e  
( F e d e r a l ,  S t a t e ,  or  p r i v a t e )  should be contacted f o r  a s s i s t a n c e  and guidance 
i n  t h e  c o n t r a c t i n g  p rocess .  Ca re fu l  review and s e l e c t i o n  of t he  most qua l i -  
f i e d  f i rm w i l l  h e l p  t o  ensure the  q u a l i t y  of the work and reduce c o s t  
u n c e r t a i n t i e s .  

6 . 5  COMMUNITY SAFETY AND HEALTH 

One of t h e  primary concerns du r ing  a remedial  a c t i o n  i s  the  h e a l t h  and 
s a f e t y  of t he  people ad jacen t  t o  t h e  s i t e  and of t he  s i t e  workers. The s a f e t y  
o f  t h e  people l i v i n g  near t he  s i t e  i s  the  r e s p o n s i b i l i t y  of t he  l o c a l  com- 
munity,  with the  f i e l d  c o n t r a c t o r  and EPA personnel a s s i s t i n g  when necessary.  
Worker s a f e t y  i s  p ro tec t ed  by a p p r o p r i a t e  Federal  and S t a t e  agencies  and 
r e g u l a t i o n s ,  a s  desc r ibed  i n  c h a p t e r  5. Before a f i e l d  i n v e s t i g a t i o n  team i s  
permit ted o n - s i t e ,  a comprehensive s i t e - s p e c i f i c  s a f e t y  p l an  must be developed 
. ( s e e  c h a p t e r  5 ) .  

Before work begins  a t  a s i t e ,  t h e  neighboring communities should be 
informed of t h e  a n t i c i p a t e d  s i t e  work and any p o t e n t i a l  hazards  it might pose 
t o  the  community. A Federal  o r  S t a t e  government r e g u l a t o r y  o f f i c i a l  knowl- 
edgeable  i n  s a f e t y  should meet with l o c a l  f i r e ,  p o l i c e ,  and o t h e r  s a f e t y  
o f f i c i a l s  t o  d i s c u s s  t h e  s a f e t y  of t h e  community and answer r e l a t e d  ques t ions  

Y 
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( s e e  s e c t i o n  5 . 2 . 1 ) .  The community is  r e s p o n s i b l e  f o r  formulat ing a cont in-  
gency plan f o r  community s a f e t y ,  but  EPA personnel should ass is t  when needed. 
This c o o r d i n a t i o n  w i l l  h e l p  i n  ob ta in ing  the a id  of t h e  p o l i c e  and f i r e  
departments ,  i f  needed, and i n  ensuring a c o o p e r a t i v e  r e l a t i o n s h i p  with t h e  
l o c a l  o f f i c i a l s .  

6 . 6  COMMUNITY RELATIONS DURING REMEDIAL INVESTIGATIONS 

Community r e l a t i o n s  a c t i v i t i e s  du r ing  remedial  i n v e s t i g a t i o n s  are d i c -  
t a t e d  p r i m a r i l y  by t h e  s i t e - s p e c i f i c  community r e l a t i o n s  plans (CRPs). A CRP 
d e t a i l s  how EPA o r  t h e  S t a t e  w i l l  ( 1 )  inform the  a f f e c t e d  community about t h e  
s i t e  and ( 2 )  e l i c i t  community input  i n t o  response d e c i s i o n s .  A CRP must be  
prepared and put i n t o  a c t i o n  f o r  every CERCLA response be fo re  s i t e  work 
b e g i n s ,  r e g a r d l e s s  of whether t he  response i s  being managed by program o r  
enforcement s t a f f  o r  by the  r e spons ib l e  par t ies .  Thus, when t h e  remedial  
i n v e s t i g a t i o n  begins  a t  a s i t e ,  EPA o r  the S t a t e  w i l l  have completed a CRP f o r  
t h a t  s i t e  and w i l l  have s t a r t e d  t h e  communications a c t i v i t i e s  s p e c i f i e d  i n  t h e  
CRP . 

Genera l ly ,  CRPs should s p e c i f y  two types of a c t i v i t i e s :  (1)  providing 
pe r iod ic  progress  r e p o r t s  on the f ind ings  of t he  remedial  i n v e s t i g a t i o n ,  and 
( 2 )  e l i c i t i n g  and documenting comments and concerns from c i t i z e n s ,  l o c a l  
o f f i c i a l s ,  and community or  environmental  groups.  These a c t i v i t i e s  a r e  
d i scussed  below. 

6 . 6 . 1  Progres s  Reports 

C i t i z e n s  w i l l  want understandable ,  a c c u r a t e  in fo rma t ion  about t he  pro- 
g r e s s  and f i n d i n g s  of t h e  remedial  i n v e s t i g a t i o n .  The CRP w i l l  s p e c i f y  t h e  
most a p p r o p r i a t e  methods f o r  providing t h i s  i n fo rma t ion .  The methods i n c l u d e :  

Informal meetings f o r  d i s t r i b u t i n g  s i g n i f i c a n t  tes t  r e s u l t s  o r  o t h e r  
f i n d i n g s  

Meetings with i n d i v i d u a l s  o r  groups a f f e c t e d  by t h e  r e s u l t s  of h e a l t h  
s t u d i e s  

B r i e f i n g s  of  l o c a l  and S t a t e  o f f i c i a l s  

Progress  r e p o r t s  and f a c t  s h e e t s  

N e w s  conferences 

A r e p o s i t o r y  f o r  s i t e  information a t  t he  l o c a l '  l i b r a r y ,  h e a l t h  o f f i c e ,  
o r  community c e n t e r  t h a t  c o n t a i n s  approved t e c h n i c a l  documents , 
o f f i c i a l  phone numbers, and a copy of t he  CRP 
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e S i t e  v i s i t s  

e A t o l l - f r e e  h o t l i n e  s t a f f e d  by EPA personnel  q u a l i f i e d  t o  respond t o  
pub1 i c  i n q u i r i e s  . 

Fur the r  guidance on t h e s e  a c t i v i t i e s  i s  provided i n  "Community Re la t ions  i n  
Superfund: A Handbook, I n t e r i m  Version" issued i n  September 1983 by t h e  O f f i c e  
of Emergency and Remedial Response. 

6 .6 .2  E l i c i t i n g  and Documenting Community Concerns 

E f f e c t i v e  community r e l a t i o n s  programs g i v e  members of t h e  a f f e c t e d  
community o p p o r t u n i t i e s  f o r  i n p u t .  C i t i z e n s  should be encouraged t o  a sk  
q u e s t i o n s  and suggest  response a c t i o n s .  EPA o r  t he  S t a t e  must  respond t o  
those  ques t ions  and concerns and cons ide r  them i n  response d e c i s i o n s ,  whenever 
p o s s i b l e .  The issues  r a i s e d  by t h e  community may a f f e c t  subsequent i n v e s t i g a -  
t o r y  a c t i o n s  o r  suggest  important i s s u e s  f o r  EPA o r  t he  S t a t e  t o  cons ide r  i n  
s e l e c t i n g  an a p p r o p r i a t e  remedy f o r  t he  s i t e .  

U l t ima te ly ,  EPA o r  t he  S t a t e  w i l l  prepare a Record of Decis ion (ROD) 
d e s c r i b i n g  the remedy s e l e c t e d  f o r  t he  s i t e .  Superfund community r e l a t i o n s  
po l i cy  r e q u i r e s  EPA s t a f f  t o  p r e p a r e  a responsiveness  summary t o  be included 
with the ROD. This r e spons iveness  summary d e s c r i b e s  t h e  comments and concerns 
r a i s e d  by the  community du r ing  t h e  RI/FS process  and e x p l a i n s  how EPA 
addressed those concerns i n  s e l e c t i n g  an a p p r o p r i a t e  remedy. The re fo re ,  any 
c i t i z e n  concerns r a i s e d  du r ing  t h e  remedial  i n v e s t i g a t i o n  and E P A ' s  response 
t o  those concerns must be documented f o r  use  i n  preparing the  r e spons iveness  
summary. The a c t i v i t i e s  l i s t e d  i n  the  previous s e c t i o n  a r e  use fu l  techniques 
f o r  encouraging community input  during the remedial  i n v e s t i g a t i o n .  

6 .7  COORDINATION 

Many of t h e  i n s t i t u t i o n a l  c o n s i d e r a t i o n s  d i scussed  above invo lve  coordi-  
n a t i o n  with o t h e r  agenc ie s  or l o c a l  o f f i c i a l s ;  i n  a d d i t i o n ,  i t  may be neces- 
s a r y  t o  coord ina te  with o t h e r  EPA o f f i c e s ,  Federal  agenc ie s ,  and S t a t e s .  

6 .7 .1  Enforcement Personnel  

I f  a s i t e  i s  t h e  s u b j e c t  of l i t i g a t i o n  or a d m i n i s t r a t i v e  a c t i o n  o r  
t a r g e t e d  f o r  enforcement,  i t  is  e s s e n t i a l  t h a t  t he  use r  of t h i s  document 
c o o r d i n a t e  c l o s e l y  with t h e  r e g i o n a l  enforcement pe r sonne l .  I n  most c a s e s ,  
both the  r e g i o n a l  counsel and t h e  program o f f i c e r  ass igned t o  the  s i t e  should 
be con tac t ed .  Close c o o r d i n a t i o n  is  c r i t i c a l  t o  ensu re  ( I )  t h e  c o l l e c t i o n  and 
documentation of s u f f i c i e n t  d a t a  f o r  enforcement purposes ( s e e  c h a p t e r s  3 ,  4 ,  
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and 7) and (2 )  s t r i c t  compliance with t h e  co rnun i ty  r e l a t i o n s  plan f o r  the 
s i t e ,  e s p e c i a l l y  regarding the  d i s c l o s u r e  of information t o  t h e  p u b l i c .  

6.7.2 Department o f  I n t e r i o r  (DO11 

The Department of I n t e r i o r  may provide a s s i s t a n c e  i n  performing remedial  
i n v e s t i g a t i o n s  through i t s  v a r i o u s  s e r v i c e s  and o f f i c e s .  The F i s h  and Wild- 
l i f e  Se rv ice  may be consul ted f o r  information on endangered s p e c i e s ,  c r i t i c a l  
h a b i t a t s ,  and wet lands i n  the v i c i n i t y  of  t he  s i t e .  The Bureau of Land 
Management (BLM) s,hould be consul ted p r i o r  t o  performing i n v e s t i g a t i o n s  
on - s i t e  on Federal  lands managed by the BLM, and may a l s o  be a b l e  t o  provide 
background information on the  s i t e  s e t t i n g  and h i s t o r y .  A d d i t i o n a l l y ,  t he  BLM 
may be a b l e  t o  a s s i s t  i n  i n v e s t i g a t i o n s  of s i t e s  a b u t t i n g  BLM-managed lands by 
providing access  t o  the s i t e .  

I n  a d d i t i o n ,  t he  Of f i ce  of Environmental P r o j e c t  Review (OEPR) (under 
DO11 has s p e c i f i c  d u t i e s  under CERCLA f o r  e v a l u a t i n g  danger t o  n a t u r a l  
r e sources  r e s u l t i n g  from r e l e a s e s  of o i l  and hazardous subs t ances .  Under t h e  
EPA/DOI  Memorandum of Understanding (September 2 ,  1983) ,  OEPR i s  r e s p o n s i b l e  
f o r  performing pr.eliminary surveys of damages t o  n a t u r a l  r e sources  when 
n o t i f i e d  of t he  need f o r  such a survey by EPA's O f f i c e  of  Waste Program 
Enforcement (OWPE). In  performing t h e  p re l imina ry  survey,  OEPR may r e q u i r e  
d a t a  developed du r ing  t h e  remedial  i n v e s t i g a t i o n ,  o r  may develop d a t a  which 
should be incorporated i n  the  i n v e s t i g a t i o n .  GWPE i s  t h e  EPA po in t  of c o n t a c t  
regarding prel iminary surveys conducted under t h i s  agreement. 

6.7.3 U.S. Army Corps of Engineers  

A s  t he  Federal  a u t h o r i t y  r e spons ib l e  €or  the  des ign  and c o n s t r u c t i o n  of 
Federal-lead remedial  a c t i o n s  , the Army Corps of Engineers should be consu l t ed  
i n  planning and performing remedial  i n v e s t i g a t i o n s  t o  ensu re  t h a t  t he  inves- 
t i g a t i o n  provides  the d a t a  necessary f o r  f i n a l  a c t i o n  d e s i g n ,  a s  w e l l  a s  
e v a l u a t i o n  of a l t e r n a t i v e s .  The Corps should be consu l t ed  as a d a t a  sou rce  
when s i t e s  a r e  loca t ed  nea r  o r  ad jacen t  t o  Corps p r o j e c t s ,  s i n c e  the  Corps may 
have developed d a t a  on local .  s o i l s ,  ground water, and s u r f a c e  water which 
would be of use i n  t he  i n v e s t i g a t i o n .  A d d i t i o n a l l y ,  Corps p r o j e c t s  near  a 
s i t e  undergoing i n v e s t i g a t i o n  may need t o  be considered i n  developing remedial  
a l t e r n a t i v e s  f o r  t he  nearby s i t e .  Such a case  occurred a t  the Brodhead Creek 
s i t e  i n  Stroudsburg,  PA; t h e r e f o r e ,  d a t a  on p r o j e c t  des igns  and c o n s t r u c t i o n  
may need t o  be obtained as p a r t  of t he  R I .  

6.7.4 U.S.  Coast Guard (USCG) 

The USCG has  s p e c i f i c  r e s p o n s i b i l i t y  f o r  responses  t o  s p i l l s  of o i l  o r  
hazardous substances i n  t h e  c o a s t a l  zone under t h e  terms of NCP s e c t i o n  300.33 
and the  Memorandum of Understanding between the  EPA and the  USCG (February 1, 

6-9 



1982). In  i n v e s t i g a t i n g  s i tes  invo lv ing  c o a s t a l  a r e a s ,  t h e  USCG should be 
consu l t ed  t o  o b t a i n  d a t a  on s p i l l s  which may have occurred and c o n t r i b u t e d  t o  
t h e  contaminat ion problem a t  t h e  s i t e  and previous response o p e r a t i o n s  ( i . e .  , 
immediate removals performed by USCG). A d d i t i o n a l l y ,  t h e  USCG may be a b l e  t o  
provide a s s i s t a n c e  i n  performing the  i n v e s t i g a t i o n  of s i tes  loca ted  i n  c o a s t a l  
wa te r s  by providing suppor t ing  equipment and advice on procedures  f o r  per-  
forming the i n v e s t i g a t i o n .  

6 .7 .5  Nat ional  and Regional Response Teams 

The Nat ional  Response Team (NRT) is  a group o f  people c o n s i s t i n g  of  
r e p r e s e n t a t i v e s  from 12 agenc ie s  inc lud ing  r e p r e s e n t a t i v e s  of EPA and USCG a s  
chairman and v i c e  chairman, r e s p e c t i v e l y .  The NRT performs t h r e e  b a s i c  kinds 
of a c t i v i t i e s :  planning and c o o r d i n a t i o n ,  o p e r a t i o n s  o n - s i t e ,  and communica- 
t i o n s .  The RRT is  a r e g i o n a l  response team f o r  planning and preparedness  
a c t i o n s  f o r  a response.  The RRT c o n s i s t s  of  r e p r e s e n t a t i v e s  from S t a t e  and 
l o c a l  agenc ie s  who are coordinated t o  e v a l u a t e  the  e f f e c t i v e n e s s  of , ,and 
recommend changes i n ,  t h e  agencies  involved i n  a response.  

The NRT and RRT can ass is t  i n  the  performance of remedial  i n v e s t i g a t i o n s  
through s e v e r a l  means. 
coord ina t ing  t h e  a c t i v i t i e s  of  Federal  and S t a t e  agenc ie s ,  and t h e i r  
c o n t r a c t o r s ,  involved i n  t h e  response.  The teams can be used a s  a point  of 
c o n t a c t  f o r  c o l l e c t i n g  information t h a t  may be p e r t i n e n t  t o  the remedial  
i n v e s t i g a t i o n  from member agenc ie s ,  and f o r  ob ta in ing  necessa ry  easements o r  
access  r i g h t s  a c r o s s  Federal  l ands .  A d d i t i o n a l l y ,  the teams can provide d a t a  
on any p a s t  emergency response a c t i o n s  a t  t h e  s i t e ,  and provide support  i n  
response t o  emergencies t h a t  may occur du r ing  the  remedial  i n v e s t i g a t i o n .  The 
teams may a l s o  provide advice on p recau t ions  t o  be taken during t h e  remedial  
i n v e s t i g a t i o n  and on the planning of t he  i n v e s t i g a t i o n .  

The NRT and RRT provide an e x i s t i n g  s t r u c t u r e  f o r  

6 .7 .6  Agency f o r  Toxic Substances and Disease R e g i s t r y  (ATSDR) 

ATSDR w i t h i n  t h e  Department of Heal th  and Human Se rv ices  i s  r e s p o n s i b l e  

In  t h i s  
f o r  monitor ing t h e  h e a l t h  of  workers and c i t i z e n s  a t  o r  nea r  CERCLA s i t e s  and 
f o r  ensu r ing  t h e  a v a i l a b i l i t y  of  adequate h e a l t h  c a r e  s e r v i c e s .  
c a p a c i t y ,  ATSDR can c o n t r i b u t e  t o  t h e  remedial  i n v e s t i g a t i o n .  ATSDR a l s o  
conducts and i s s u e s  h e a l t h  s t u d i e s  and h e a l t h  assessments .  Af t e r  determining 
t h a t  ATSDR e x p e r t i s e  i s  r e q u i r e d ,  the u s e r  should con tac t  t he  r e g i o n a l  ATSDR 
r e p r e s e n t a t i v e .  

A memorandum of  understanding (MOU) between EPA and ATSDR i s  being devel- 
oped t o  d e f i n e  the  r e s p o n s i b i l i t i e s  of t hese  agencies  i n  responses  undertaken 
pursuant  t o  CERCLA. The MOU, when approved by bo th  agenc ie s ,  w i l l  provide 
more d e t a i l e d  procedural  guidance r e l a t i n g  t o  ATSDR involvement i n  remedial  
a c t  i ons  . 
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6.7.7 United S t a t e s  Geological  Survey (USGS) and S t a t e  Geo log i s t s  

The use r  may want t o  c o n s u l t  with USGS d i s t r i c t  o f f i c e s  t o  g a t h e r  b a s i c  
t e c h n i c a l  information about a s i t e .  USGS can be employed through e i t h e r  t h e  
e x i s t i n g  EPA Headquarters/USGS Inter-Agency Agreement o r  through a St’ate/USGS 
Cooperative Agreement. In a d d i t i o n ,  many S t a t e s  employ g e o l o g i s t s  who can 
provide v a l u a b l e  t e c h n i c a l  information about s i t e s  i n  t h e i r  S t a t e .  S t a t e  
g e o l o g i s t s  may be e s p e c i a l l y  use fu l  when a f u l l - t i m e  g e o l o g i s t  i s  not needed 
a t  the s i t e .  S t a t e  g e o l o g i s t s  may be con tac t ed  through S t a t e  depa r tmen t s -o f  
n a t u r a l  r e sources .  

6 .7 .8  Other Organizat ions 

Coordinat ion with o t h e r  o r g a n i z a t i o n s  may a l s o  b e n e f i t  t he  i n v e s t i g a t i o n .  
Examples inc lude :  

e P r i v a t e  a s s o c i a t i o n s ,  such a s  the  Assoc ia t ion  of S ta te  Geo log i s t s  or 
t he  American I n s t i t u t e  of  P r o f e s s i o n a l  Geo log i s t s  , may be ab le  t o  
provide s p e c i a l i z e d  information about a s i t e .  

e Local u n i v e r s i t i e s  may be ab le  t o  provide l a b o r a t o r y  o r  o t h e r  f a c i l -  
i t i e s  u s e f u l  t o  the  i n v e s t i g a t i o n ,  and f a c u l t y  members experienced i n  
many d i s c i p l i n e s ,  may contr ib’ute  use fu l  i n fo rma t ion .  

e Local ex tens ion  s e r v i c e s  may be a b l e  t o  provide information on l o c a l  
agronomy and a g r i c u l t u r e .  

0 The S o i l  Conservation S e r v i c e  has  e x p e r t i s e  i n  s o i l  types and 
c h a r a c t e r i s t i c s .  
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CHAPTER 7 

SITE CHARACTERIZATION 

7.1 INTRODUCTION 

S i t e  c h a r a c t e r i z a t i o n  i s  the  most c r i t i c a l  p o r t i o n  of t he  remedial  
i n v e s t i g a t i o n  process .  The o b j e c t i v e  of s i t e  c h a r a c t e r i z a t i o n  i s  t o  c o l l e c t  
and analyze enough information t o  determine the :  

Necessi ty  f o r  remedial  a c t i o n s  

Extent of any remedial  a c t i o n s  

F e a s i b i l i t y  of p o t e n t i a l  remedial  a c t i o n s .  

Thus, s i . t e  c h a r a c t e r i z a t i o n  a c t i v i t i e s  provide the  d a t a  t o  support  t he  
d e c i s i o n s  made i n  the  concurrent  f e a s i b i l i t y  s tudy.  

Typical  i n t e r a c t i o n s  a s s o c i a t i n g  s i t e  c h a r a c t e r i s t i c s  with e f f e c t s  on 
human h e a l t h  and the  environment a r e  shown i n  Figure 7-1. As t h i s  diagram 
i n d i c a t e s ,  t h e  p o s s i b l e  i n t e r a c t i o n s  a t  any s i t e  a r e  many and complex, and 
s p e c i a l  e f f o r t s  may be needed t o  l i m i t  the  s i t e  c h a r a c t e r i z a t i o n  process  t o  
on ly  the  necessary d a t a .  

This  chap te r  provides guidance f o r  conducting s i t e  c h a r a c t e r i z a t i o n  
s t u d i e s  t h a t  w i l l  provide the needed d a t a  e f f i c i e n t l y  and c o s t  e f f e c t i v e l y .  
Two important a s p e c t s  of s i t e  c h a r a c t e r i z a t i o n  a r e  d i scussed :  ( 1 )  t y p e s  of 
i n v e s t i g a t i o n s  and r e s u l t i n g  d a t a  assessments ,  and ( 2 )  p r o g r a w a t i c  f a c t o r s  
t h a t  should be considered i n  s e l e c t i n g  a p p r o p r i a t e  s i t e  c h a r a c t e r i z a t i o n  
e f f o r t s .  

The scope of p o t e n t i a l  i n t e r a c t i o n s  (shown i n  Figure 7-1) sugges t s  t h a t  
many t e c h n i c a l  a r e a s  can be s t u d i e d .  C h a r a c t e r i z a t i o n  work may be needed i n  
t he  a r e a s  of waste p r o p e r t i e s ,  s i t e  eng inee r ing ,  geology,  ground-water and 
surface-water hydrology and chemis t ry ,  geochemical i n t e r a c t i o n s  , atmospheric 
p rocesses ,  e f f e c t s  on t h e  environment, e f f e c t s  on human h e a l t h ,  and numerical 
modeling. The approach t o  s i t e  c h a r a c t e r i z a t i o n  work is desc r ibed  i n  s e c t i o n  
7 .2 .  Through a d i s c u s s i o n  of t he  t e c h n i c a l  i n v e s t i g a t i o n s  and assessments 
t h a t  may be used, s e c t i o n  7.3 provides  guidance f o r  e s t a b l i s h i n g  an appro- 
p r i a t e  s i t e  c h a r a c t e r i z a t i o n  e f f o r t .  
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Programmatic f a c t o r s  r e s u l t i n g  from t h e  l e g i s l a t i v e  and programmatic 
b a s i s  f o r  hazardous waste s i t e  i n v e s t i g a t i o n s  may in f luence  the s i t e  charac- 
t e r i z a t i o n  a c t i v i t i e s .  These f a c t o r s  are presented i n  s e c t i o n  7.4. Guidance 
on t iming and c o s t  of r equ i r ed  a c t i v i t i e s  i s  provided i n  s e c t i o n  7 .5 .  

7.2 APPROACH TO SITE CHARACTERIZATION 

The remedial  i n v e s t i g a t i o n  c o n s i s t s  of va r ious  a c t i v i t i e s  t o  support  t h e  
concurrent  f e a s i b i l i t y  s tudy.  The approach is designed t o  provide information 
t o  be used i n  determining a p p r o p r i a t e  response a l t e r n a t i v e s .  A s  such,  t h e  
remedial i n v e s t i g a t i o n  must be i n t e g r a t e d  with the f e a s i b i l i t y  s tudy o r  o t h e r  
requirements such as  enforcement a c t i o n s  t o  ensure t h a t  i npu t s  a r e  a v a i l a b l e  
when needed. For example, v a r i o u s  l e v e l s  of s o p h i s t i c a t i o n  can be incorpo- 
r a t ed  i n t o  the  i n v e s t i g a t i o n  a c t i v i t i e s  based on the  s i z e  and complexity of 
the s i t e  and on the a v a i l a b i l i t y  and r e t r i e v a b i l i t y  of  t he  d a t a .  
mu l t i - l eve l  approach provides  information t o  s a t i s f y  the  s u c c e s s i v e l y  more 
r e f ined  l e v e l s  of t he  f e a s i b i l i t y  s tudy.  This r e s u l t s  i n  an accurat 'e ly  
focused, c o s t - e f f i c i e n t  s tudy.  

This  

The R I  process  def ined i n  t h i s  manual c o n s i s t s  of t h r e e  i n v e s t i g a t i o n  
l e v e l s :  c h a r a c t e r i z a t i o n  (I) and two l e v e l s  of  f i e l d  s t u d i e s  (11 and IIX). 
The focus of each l e v e l  w i l l  depend on the  fund-financed remedial ,  enforce- 
ment, o r  h e a l t h  s tudy o b j e c t i v e s  of the p r o j e c t .  A l l  t h r e e  l e v e l s  need not be  
performed. The i n v e s t i g a t i o n  may t e rmina te  at  l e v e l  I o r  I1 o r  move d i r e c t l y  
from l e v e l  I t o  l e v e l  111; t hese  v a r i a t i o n s  could depend on the u t i l i t y  of  
e x i s t i n g  d a t a ,  t he  urgency of s i t e  problems, and t h e  s p e c i f i c  o b j e c t i v e s  of 
the R I / F S .  

Data c o l l e c t i o n  and a n a l y s i s  do not s t o p  a t  a p a r t i c u l a r  l e v e l  but on ly  
when s u f f i c i e n t  d a t a  a r e  a v a i l a b l e  t o  j u s t i f y  remedial  d e c i s i o n s .  Thus, t h e  
scope of d a t a  c o l l e c t i o n  and a n a l y s i s  must be ad jus t ed  t o  meet s p e c i f i c  s i t e  
needs. I n  sane c a s e s ,  a q u a l i t a t i v e  assessment of  a r e l a t i v e l y  small  d a t a  
base may be s u f f i c i e n t  fo r  s e l e c t i n g  remedial a l t e r n a t i v e s  f o r  obvious t h r e a t  
s i t u a t i o n s  ( e . g .  , removal of  drums which a r e  l e a k i n g ) .  I n  o t h e r  c a s e s ,  a 
q u a n t i t a t i v e  a n a l y s i s  of a l a r g e r  d a t a  base may be necessary ( e . g . ,  l a r g e  
contamination,.zone).  S u f f i c i e n c y  of  d a t a  depends on the t e c h n i c a l  appro- 
p r i a t e n e s s  of t he  sampling, a n a l y s i s ,  and e v a l u a t i o n s  t o  be conducted and t h e  
judgment of r e spons ib l e  decis ion-makers .  The d a t a  may be deemed s u f f i c i e n t  a t  
any R I  l e v e l ,  but  must be s u f f i c i e n t  t o  s e l e c t  t he  most c o s t - e f f e c t i v e  remedy. 

Level I c h a r a c t e r i z a t i o n  (Scoping, c h a p t e r  2 )  involves  the compilat ion of  
e x i s t i n g  d a t a  t o  provide a s  complete a p i c t u r e  a s  p o s s i b l e  of t h e  o v e r a l l  
magnitude of problems a t  a s i t e  and t o  develop a p l an  f o r  subsequent d e t a i l e d  
c h a r a c t e r i z a t i o n  e f f o r t s ,  i f  r equ i r ed .  The l e v e l  I c h a r a c t e r i z a t i o n  of 
sources ,  pathways, and r e c e p t o r s  should al low a de t e rmina t ion  of  p o t e n t i a l  
haza rds ,  including the known or suspected sources  of  contaminat ion,  t he  
probable pathways by which these  contaminants can m i g r a t e ,  and the  p o t e n t i a l  
recep, tors  t h a t  are a f f e c t e d  by contaminant mig ra t ion .  Level I c h a r a c t e r i z a -  
t i o n  e f f o r t s  u t i l i z e  e x i s t i n g  d a t a  inc lud ing ,  bu t  not l i m i t e d  t o ,  information 
obtained from the  P re l imina ry  Assessment , S i t e  I n v e s t i g a t i o n ,  and Hazard 
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Ranking System, and should be conducted a t  a l l  s i t e s .  This e f f o r t  does not 
addres s  t h e  development of  d a t a  t o  complete the  s i t e  " p i c t u r e , "  i n s t e a d ,  d a t a  
gaps or i n s u f f i c i e n c i e s  are noted f o r  p o t e n t i a l  i n v e s t i g a t i o n .  This l e v e l  
corresponds to  t h e  q u a l i t a t i v e  l e v e l  of d e t a i l  f o r  an enforcement 
endangerment assessment.  

. In  l e v e l  I1 c h a r a c t e r i z a t i o n ,  q u a n t i t a t i v e  d a t a  are c o l l e c t e d  from 
v a r i o u s  t e c h n i c a l  i n v e s t i g a t i o n  methods ( e  .g . , geo log ic  or atmospheric 
i n v e s t i g a t i o n s )  t o  e v a l u a t e  important s i t e  c h a r a c t e r i s t i c s .  This information 
is  used f o r  s e v e r a l  purposes d u r i n g  the  R I  and FS. The l e v e l  I1 c h a r a c t e r -  
i z a t i o n  is  used t o :  

e Produce d a t a  f o r  t he  contaminat ion assessment i n  t h e  R I  

e Produce a q u a n t i t a t i v e  endangerment assessment t o  support  an admin- 
i s t r a t i v e  a c t i o n  

e Develop and sc reen  remedial a c t i o n s  i n  t h e  FS and produce d a t a  f o r  t h e  
pub l i c  h e a l t h  and environmental  assessments conducted i n  the FS 

e Develop b a s e l i n e  d a t a  t o  e v a l u a t e  the  no-action a l t e r n a t i v e .  

The l e v e l  I1 c h a r a c t e r i z a t i o n  w i l l  g e n e r a l l y  be broader  i n  scope and more 
d e t a i l e d  than t h e  l e v e l  I e f f o r t  and w i l l  l i k e l y  r e q u i r e  t h e  c o l l e c t i o n  of 
c o n s i d e r a b l e  f i e l d  d a t a .  Sec t ions  7 . 2  and 7.3 of  t h i s  chap te r  exp la in  the  
s e v e r a l  t y p e s  of i n v e s t i g a t i o n s  t h a t  may be conducted i n  o rde r  t o  develop t h e  
assessments  l i s t e d  above. 

The need f o r  a complete l e v e l  I1 c h a r a c t e r i z a t i o n  e f f o r t  should be 
weighed a g a i n s t  t h e  r e s u l t s  obtained i n  l e v e l  I ,  the  requirements  o f  t h e  
f e a s i b i l i t y  s tudy ,  and t h e  p o t e n t i a l  f o r  enforcement a c t i v i t i e s  or h e a l t h  
s t u d i e s .  A l i m i t e d  l e v e l  I1 i n v e s t i g a t i o n ,  i n  which only a few samples  a r e  
c o l l e c t e d ,  may be warranted: 

e Whenever an i n i t i a l  response is implemented and post-act ion s i t e  d a t a  
a r e  r e q u i r e d  t o  determine i t s  e f f e c t i v e n e s s  

e Whenever d a t a  a r e  i n s u f f i c i e n t  t o  permit scoping ( i . e . ,  l e v e l  I) of 
the  remedial  i n v e s t i g a t i o n .  

The r e s u l t s  of  l e v e l  I1 may be s u f f i c i e n t  t o  cumplete t h e  R I  or i n d i c a t e  
t h e  need f o r  more d a t a  t o  e v a l u a t e  t h e  f e a s i b i l i t y  of s p e c i f i c  a l t e r n a t i v e s  i n  
d e t a i l .  The d e c i s i o n  t h a t  a d d i t i o n a l  d a t a  a r e  needed must be made qu ick ly  so 
t h a t  f u r t h e r  m o b i l i z a t i o n  c o s t s  a r e  not  i ncu r red .  Documentation f o r  more 
s t u d i e s  ( l e v e l  111) should inc lude  the  j u s t i f i c a t i o n  f o r  a d d i t i o n a l  s tudy ,  
s p e c i f i c  d a t a  needs,  and the  recomnended approach f o r  c o l l e c t i n g  these  d a t a .  

c 

*. 
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Level I11 c h a r a c t e r i z a t i o n  is used t o  c o l l e c t  a d d i t i o n a l  d a t a  on s o u r c e s ,  
pathways, r e c e p t o r s ,  and environmental  cond i t ions  needed f o r  e v a l u a t i o n  o f  
a l t e r n a t i v e s  i n  the  FS. These d a t a  a r e  used i n  q u a n t i t a t i v e l y  a s s e s s i n g  t h e  
performance of the remedial t echno log ie s  judged t o  be f e a s i b l e ,  and i n  
performing any r equ i r ed  r i s k  assessments a s s o c i a t e d  with implementation of 
each remedial a c t i o n .  The l e v e l  111 c h a r a c t e r i z a t i o n  a l s o  inc ludes  bench and 
p i l o t  s t u d i e s  which are d i scussed  i n  chap te r  8.  

c 

7 . 2 . 1  C h a r a c t e r i z a t i o n  A c t i v i t i e s  

S i t e  c h a r a c t e r i z a t i o n  provides q u a n t i t a t i v e  d a t a  on p o t e n t i a l l y  important 
s i t e  c h a r a c t e r i s t i c s .  Because s e v e r a l  remedial  t echno log ie s  and a l t e r n a t i v e s  
may need t o  be eva lua ted ,  t he  c h a r a c t e r i z a t i o n  e f f o r t  w i l l  be much broader  i n  
scope and more d e t a i l e d  than t h e  p re l imina ry  assessment a c t i v i t i e s  and w i l l  
l i k e l y  r e q u i r e  cons ide rab le  c o l l e c t i o n  of f i e l d  d a t a .  

I n  a few c a s e s ,  two d i f f e r e n t  l e v e l s  o f  remedial  i n v e s t i g a t i o n s  a r e  
adv i sab le  t o  ensure proper focus of t h e  s tudy.  For example: 

1. The s i t e  may be v e r y  l a r g e  (more than 100 a c r e s )  and complex. 
Surveying a l l  a r e a s  of a l a r g e  s i t e  i n  g r e a t  d e t a i l ,  only t o  f ind  
t h a t  the a r e a s  of i n t e r e s t  a r e  small suba reas ,  would be a waste o f  
r e sources .  A b e t t e r  approach would be t o  conduct an i n i t i a l  screen- 
ing study which would determine those  areas r e q u i r i n g  more d e t a i l e d  
sub s equen t s tudy . 

2 .  Bench and l a b o r a t o r y  s t u d i e s  may be needed t o  e v a l u a t e  s p e c i f i c  
remedial  a c t i o n  a l t e r n a t i v e s  i d e n t i f i e d  i n  t h e  f e a s i b i l i t y  s tudy.  
Such t e s t s  may inc lude  f i .e ld-or iented work such as pump t e s t s  t o  a id  
i n  s e l e c t i o n  and des ign  of w e l l  networks. This  r a t i o n a l e  f o r  a 
second l e v e l  of remedial  i n v e s t i g a t i o n  flows d i r e c t l y  from t h e  
i n t e g r a t i o n  of  a c t i v i t i e s  with the  f e a s i b i l i t y  s tudy.  

3. Enforcement a c t i o n s  may r e q u i r e  g r e a t e r  d e f i n i t i o n  of contaminat ion 
and a more complete c h a r a c t e r i z a t i o n  of  remedial  t echno log ie s  i n  
o rde r  t o  support  n e g o t i a t i o n s  o r  l i t i g a t i o n .  

7 . 2 . 2  Data To Be Co l l ec t ed  

The d a t a  t h a t  should be c o l l e c t e d  during s i t e  c h a r a c t e r i z a t i o n  inc lude  
bu t  a r e  not l i m i t e d  t o  the  fol lowing:  

.: 

.- 

o Environmental S e t t i n g .  Data t o  d e f i n e  t h e  s i t e  and f a c i l i t y  charac- 
t e r i s t i c s  should be c o l l e c t e d  comnensurate with p o t e n t i a l  remedial  
technology op t ions .  This information normally inc ludes  d e s c r i p t i o n s  
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of  the  geography and l ayou t  of the s i t e  and surrounding a r e a s ;  topo- 
graphy; waste source l o c a t i o n s ;  waste type;  geo techn ica l  eng inee r ing  
c o n s i d e r a t i o n s ;  normal and unusual me teo ro log ica l  cond i t ions  ; s u r f a c e  
drainage p a t t e r n s ;  geo log ic  f e a t u r e s ;  ground-water occurrence,  flow 
d i r e c t i o n ,  and r a t e ;  b i o t a  a t  o r  near  t he  s i t e ;  and s o i l  t y p e  and 
chemistry . 

0 Hazardous Substances.  Ana ly t i ca l  d a t a  should be c o l l e c t e d  t o  charac- 
t e r i z e  the  wastes completely,  i nc lud ing  type ,  q u a n t i t y ,  phys i ca l  form, 
degree of contaminat ion,  d i s p o s i t i o n  (containment o r  n a t u r e  of depos- 
i t s ) ,  and f a c i l i t y  c h a r a c t e r i s t i c s  a f f e c t i n g  r e l e a s e  ( e . g . ,  s i t e  
s e c u r i t y ,  and engineered b a r r i e r s ) .  These d a t a  may a l s o  be r equ i r ed  
t o  support  d e c i s i o n s  on removals or  i n i t i a l  remedial  measures p r i o r  
t o  remedial  a c t i o n s .  

0 Environmental Concentrat ions.  Ana ly t i ca l  d a t a  on a i r ,  s o i l s ,  s u r f a c e  
wa te r ,  and ground-water contaminat ion i n  the  v i c i n i t y  of  a s i t e  should 
be c o l l e c t e d .  These d a t a  should be s u f f i c i e n t  t o  d e f i n e  the e x t e n t ,  
o r i g i n ,  d i r e c t i o n ,  and rate of movement of  contaminant plumes. The 
d a t a  c o l l e c t e d  should a l low an assessment of hazards  posed by the 
s i t e  t o  the  surrounding environment. Data should inc lude  t i m e  and 
l o c a t i o n  of sampling, media sampled, c o n c e n t r a t i o n s  found, c o n d i t i o n s  
d u r i n g  sampling, and the  i d e n t i t y  of t he  i n d i v i d u a l s  performing t h e  
sampling and a n a l y s i s .  

0 P o t e n t i a l  Impact on Receptors .  Data d e s c r i b i n g  the  human populat ions 
and environmental  systems t h a t  a r e  s u s c e p t i b l e  t o  contaminant ex- 
posure v i a  the  t r a n s p o r t  pathways from a s i t e  should be c o l l e c t e d  so 
t h a t  p re sen t  o r  p o t e n t i a l  exposures can be a s ses sed .  Chemical anal-  
y s i s  of b i o l o g i c a l  samples  w i l l  be needed. 
i n  ecosystems may a l s o  be ob ta ined .  

Data on observable  e f f e c t s  

0 Remedial Act ion E f f e c t i v e n e s s .  Data r e l e v a n t  t o  t h e  f e a s i b i l i t y  and 
e f f e c t i v e n e s s  of proposed remedial  a c t i o n s  should be c o l l e c t e d .  
Because of t h e  d i v e r s i t y  of p o t e n t i a l  a l t e r n a t i v e s ,  s p e c i f i c  inves- 
t i g a t i o n s  may be delayed u n t i l  conclusion of  r e l e v a n t  po r t ions  o f  
t he  f e a s i b i l i t y  s tudy .  

7.2.3 The Philosophy of Necessary and S u f f i c i e n t  

It i s  EPA's po l i cy  t h a t  remedial  i n v e s t i g a t i o n s  should be undertaken only 
t o  the ex ten t  "necessary and s u f f i c i e n t "  t o  f u l f i l l  t h e  requirements of sub- 
sequent remedial  a c t i o n  implementation and/or l e g a l  enforcement proceedings.  
A t  any s i t e ,  t h e r e  i s  the p o t e n t i a l  f o r  conducting i n v e s t i g a t i o n s  f a r  beyond 
t h e  needs of remedial  responses  or  enforcement a c t i o n s .  The temptat ion t o  
pursue such expensive s t u d i e s  should be avoided i n  favor of a balanced,  j u s t i -  
f i a b l e ,  c o s t - e f f e c t i v e  approach t h a t  s a t i s f i e s  the s i t e - s p e c i f i c  o b j e c t i v e s .  
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Therefore ,  it i s  important t h a t  t h e  o b j e c t i v e s  and scope of t he  i n v e s t i -  
g a t i o n  are c l e a r l y  de f ined  e a r l y  i n  the R I  planning p rocess ,  as desc r ibed  i n  
chap te r s  2 (Scoping) and 3 (Sampling P l a n ) .  This p e r m i t s  the R I  e f f o r t  t o  
focus on c o l l e c t i n g  c l e a r l y  needed d a t a  and reduces the  p o t e n t i a l  f o r  repeated 
d a t a  c o l l e c t i o n  a c t i v i t i e s .  

The scope of t he  R I  e f f o r t  depends on the  q u a l i t y  of e x i s t i n g  d a t a ,  key 
s i t e  problems, and FS and enforcement needs. These f a c t o r s  determine t h e  
s t u d y  parameters and t h e  sampling t h a t  w i l l  be s u f f i c i e n t  t o  meet i d e n t i f i e d  
needs. When the scope of  an enforcement R I  i s  i n  doubt,  t h e  Of f i ce  of  Waste 
Program Enforcement or r eg iona l  enforcement s t a f f  should be consu l t ed .  

7 . 2 . 4  General C h a r a c t e r i z a t i o n  Methods 

Whenever p o s s i b l e ,  methods t h a t  provide q u a n t i t a t i v e  d a t a  should be used 
du r ing  s i t e  c h a r a c t e r i z a t i o n .  These methods a r e  d i scussed  f u r t h e r  i n  s e c t i o n  
7 . 3 . 1 .  Sampling plans ( s e e  chap te r  3 )  should be devised t o  preclude b i a s i n g  
t h e  r e s u l t s  toward preconceived ideas  about t h e  s i t e  and t h e  hazards  i t  may 
pose. The advantages of unbiased sampling, however, should be weighed a g a i n s t  
t h e  need f o r  the information and c o s t  and t i m e  c o n s t r a i n t s .  

C h a r a c t e r i z a t i o n  e f f o r t s  may inc lude :  

Review of e x i s t i n g  d a t a  not found dur ing  the  prel iminary assessment .  

Discovery/quantification of hazardous substances and waste sources .  

Geophysical surveys t o  l o c a t e  and c h a r a c t e r i z e  d i s c r e t e  sou rces .  

Geologic i n v e s t i g a t i o n s  t o  d e s c r i b e  in f luences  on ground-water 
movement and contaminant m i g r a t i o n .  

I n s t a l l a t i o n  of obse rva t ion  wells or a i r  monitoring s t a t i o n s .  

Hydrologic and atmospheric i n v e s t i g a t i o n s  of t he  contaminant t r a n s p o r t  
systems. 

Sampling and a n a l y s i s  over  a wide a r e a  t o  d e s c r i b e  and q u a n t i f y  
contaminants,  contaminant d i s t r i b u t i o n  ( h o r i z o n t a l  and v e r t i c a l ) ,  
chemical c h a r a c t e r i s t i c s  of t h e  mig ra t ion  pathways t h a t  may a f f e c t  
mig ra t ion ,  and e f f e c t s  on the environment or  human h e a l t h .  Ground 
water, s u r f a c e  water, sediments ,  s u r f a c e  s o i l s ,  s u b s o i l s ,  atmosphere,  
b i o t a ,  and/or waste sources  may be sampled, depending on the charac-  
t e r i s t i c s  of t h e  s i t e  and the  environmental  s e t t i n g .  

I n t e g r a t i o n  of a l l  d a t a  i n t o  an assessment of s i t e  c h a r a c t e r i s t i c s  and 
contaminant f a t e  and t r a n s p o r t .  Development of q u a n t i t a t i v e  numerical  
models of  t h e  s i t e  may be a p p r o p r i a t e .  Flow models can be used t o  
determine p o t e n t i a l l y  a f f e c t e d  a r e a s ,  whereas contaminant t r a n s p o r t  
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models can q u a n t i t a t i v e l y  p r e d i c t  impacts t h a t  might not otherwise be 
obvious.  Model development d u r i n g  t h i s  phase can a i d  i n  minimizing 
the  amount of d a t a  c o l l e c t e d  by focusing a t t e n t i o n  on pathways and 
l o c a t i o n s  t h a t  a r e  important t o  contaminant m i g r a t i o n .  

While t h e s e  e f f o r t s  a r e  g e n e r a l l y  a p p l i c a b l e  t o  a l l  s i t e s ,  a s p e c i f i c  scope of 
work is  s i t e - s p e c i f i c  and should be developed on a case-by-case b a s i s .  

7 . 2 . 5  Assessments To Be Performed 

The completion of s i t e  c h a r a c t e r i z a t i o n  should inc lude  t h e  e v a l u a t i o n  of 
d a t a  c o l l e c t e d  from the  v a r i o u s  t y p e s  of  i n v e s t i g a t i o n s  conducted i n  the R I  
and t h e  compilat ion of t h e s e  ana lyses  i n t o  a contaminat ion assessment 
d e s c r i b i n g  the  hazards  posed by a s i t e  t o  support  a l t e r n a t i v e  development and 
a n a l y s i s  du r ing  the  f e a s i b i l i t y  s tudy.  The remedial  i n v e s t i g a t i o n  d a t a  must 
be adequate t o  perform the  t e c h n i c a l ,  pub l i c  h e a l t h ,  and environmental  
e v a l u a t i o n s  conducted i n  t h e  f e a s i b i l i t y  s tudy.  More d e t a i l e d  guidance on 
these  assessments  is provided i n  s e c t i o n  7 . 3 . 2 .  

The contaminat ion assessment enumerated i n  t h e  previous paragraph w i l l  be 
conducted f o r  an enforcement-lead R I .  Completion of t h i s  assessment,  i n  
con junc t ion  with t h e  pub l i c  h e a l t h  and environmental  e v a l u a t i o n s  i n  t h e  
f e a s i b i l i t y  s tudy ,  w i l l  a l low l i t i g a t i o n  teams t o  compare the  r e s u l t s  of  t h e s e  
assessments  with t h e  endangerment assessment i n i t i a l l y  prepared t o  j u s t i f y  the  
enforcement a c t i o n .  This  comparison w i l l  s e rve  t o  r e f ine  o r  update the  
endangerment assessment t o  a s s u r e  t h a t  a f ind ing  of imminent and s u b s t a n t i a l  
endangerment does,  i n  f a c t ,  e x i s t  a t  t he  s i t e .  These t h r e e  assessments then 
complete the  endangerment assessment process  performed dur ing  t h e  RI/FS f o r  an 
enforcement- lead s i t e .  

The r e s u l t s  of s i t e  c h a r a c t e r i z a t i o n  e f f o r t s  a r e  q u a n t i t a t i v e  and should 
p e r m i t  de t e rmina t ion  of t he  doses t h a t  may be received by humans and t h e  
ecosystem. These dqse rates can be compared t o  e s t a b l i s h e d  c r i t e r i a  o r  t o  
t o x i c o l o g i c a l  evidence t o  determine t h e  r i s k  a s s o c i a t e d  with the exposure.  
This t y p e  of a n a l y s i s  i s  included i n  pub l i c  h e a l t h  and environmental  
e v a l u a t i o n  i n  t h e  f e a s i b i l i t y  s tudy.  

The remedial  i n v e s t i g a t i o n  assessment is performed f o r  t h e  base case  
(no-act ion)  s c e n a r i o  inc lud ing  f u t u r e  p o t e n t i a l  e f f e c t s .  R I  assessments can 
a l s o  be conducted for s p e c i f i c  purposes,  such a s  ( 1 )  t o  a l low c o s t  and 
e f f e c t i v e n e s s  information t o  be c w p i l e d  on remedial  a c t i o n  a l t e r n a t i v e s ;  
( 2 )  t o  l i m i t  f u r t h e r  t he  number of remedial  t echno log ie s  f o r  which d a t a  should 
be c o l l e c t e d  i f  a d d i t i o n a l  s i t e  c h a r a c t e r i z a t i o n  i s  r equ i r ed  t o  support  t h e  
f e a s i b i l i t y  s tudy ;  and ( 3 )  t o  support  enforcement a c t i v i t i e s .  
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7.2 .6  Summary 

S i t e  C h a r a c t e r i s t i c s  determined during the remedial  i n v e s t i g a t i o n  a r e  
used t o  i d e n t i f y ,  s c reen ,  and develop a p p r o p r i a t e  remedial  t echno log ie s  and 
a p p r o p r i a t e  a l t e r n a t i v e s .  As s i t e  c h a r a c t e r i z a t i o n  p rogres ses ,  the need f o r  
f u r t h e r  s tudy must be evaluated on a con t inu ing  b a s i s .  This d e c i s i o n  i s  based 
on the  adequacy of t h e  s i t e  c h a r a c t e r i z a t i o n  f o r  e v a l u a t i n g  p o t e n t i a l  remedial  
a c t i o n s .  Documentation should inc lude  the j u s t i f i c a t i o n  f o r  a d d i t i o n a l  s t u d y ,  
s p e c i f i c  d a t a  needs,  and t h e  recommended approach f o r  c o l l e c t i n g  t h e s e  d a t a .  

7 . 3  INVESTIGATION AND ASSESSMENT PROCEDURES NECESSARY FOR CHARACTERIZATION 

The va r ious  s i t e  c h a r a c t e r i z a t i o n  a c t i v i t i e s  should focus on conducting 
s p e c i a l i z e d  types  of i n v e s t i g a t i o n s  t o  c o l l e c t  t he  d a t a  r equ i r ed  t o  determine 
t h e  need f o r  i n t e r im  measures, and f o r  prel iminary a n a l y s i s ,  s c r e e n i n g ,  or 
f i n a l  e v a l u a t i o n  of remedial  a c t i o n  a l t e r n a t i v e s .  C h a r a c t e r i z a t i o n  o f  
sou rces ,  pathways, and r e c e p t o r s  i s  t h e  b a s i s  f o r  determining t h e  need f o r  a 
remedial a c t i o n .  

This s e c t i o n  provides  guidance on the  types of i n v e s t i g a t i o n s  and a s ses s -  
ments a p p r o p r i a t e  f o r  providing ( v i a  i n v e s t i g a t i o n s )  and e v a l u a t i n g  ( v i a  
assessments) t h e  d a t a  needed t o  meet t h e  s i t e .  c h a r a c t e r i z a t i o n  requirements  
desc r ibed  i n  s e c t i o n  7 . 2 .  

7 . 3 . 1  Technical  I n v e s t i g a t i o n s  

Technical i n v e s t i g a t i o n s  focus on t h e  c h a r a c t e r i z a t i o n  of waste sou rces ,  
t r a n s p o r t  pathways, and r e c e p t o r s .  These i n v e s t i g a t i o n s  can be ca t egor i zed  a s  
s t u d i e s  of waste sources ,  geology, ground-water hydrology, surface-water 
hydrology, pedology, a tmospherics ,  contaminants of concern,  human p o p u l a t i o n s ,  
and ecology. The following s e c t i o n  d i s c u s s e s  the  t e c h n i c a l  i n v e s t i g a t i o n s  
r equ i t ed  i n  each of t hese  c a t e g o r i e s  and concludes with a d i s c u s s i o n  of the  
use  of models i n  s i t e  c h a r a c t e r i z a t i o n .  

7 . 3 . 1 . 1  I n v e s t i g a t i o n s  of Source C h a r a c t e r i s t i c s  

Source c h a r a c t e r i z a t i o n  involves  the  c o l l e c t i o n  of d a t a  d e s c r i b i n g  the  
physical  and chemical a s p e c t s  of t he  waste materials and t h e  m a t r i x  i n  which 
they a r e  con ta ined .  
(1) waste c h a r a c t e r i s t i c s ,  such as the  types  and q u a n t i t i e s  of contaminants 
t h a t  may be  contained i n  o r  r e l e a s e d  t o  t h e  environment; ( 2 )  f a c i l i t y  d a t a  
t h a t  c h a r a c t e r i z e  how these  contaminants may be r e l e a s e d ;  and (3 )  s i t e  
engineer ing c h a r a c t e r i s t i c s  t h a t  a f f e c t  t he  implementation of remedial  a c t i o n  
a l t e r n a t i v e s .  Key source c h a r a c t e r i z a t i o n  d a t a  are sumnarized i n  Table 7-1. 

Relevant d a t a  can be grouped i n t o  t h r e e  c a t e g o r i e s :  
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TABLE 7-1. SUMMARY OF IMPORTANT SOURCE AND FACILITY INFORMATION 

Appropr ia te  C o l l e c t i o n  Methods 

Primary Secondary* I n f o r m a t i o n  Needed Purpose or R a t i o n a l e  

Waste C h a r a c t e r i s t i c s :  

Type 

Form 

Quant 

Determine contaminants  
f o r  exposure assessments  
and f o r  t rea tment  o p t i o n s  

S i t e  i n s p e c t i o n ,  Sampling and a n a l y s i s  
waste  m a n i f e s t s  

Determine parameters  f o r  
a l t e r n a t  i v e s  i d e n t i t y /  
e v a l u a t i o n  

S i t e  i n s p e c t i o n  Sampling and a n a l y s  
geophys ica l  surveys  

S i t e  i n s p e c t i o n  Sampling and a n a l y s  
geo ph y s i c  a 1 surve  y s 

Handbooks, Labora tory  a n a l y s i s  
CHEMTREC/OHMTADS, 
Chemical Informat  ion  
S e r v i c e  (CIS) 

t i e s  Determine magnitude o f '  
p o t e n t i a l  r e l e a s e s  

De term ine env i ronment a1 
mob il i t  y , p e r s  is tence  , 
and e f f e c t s  

Chemical and 
p h y s i c a l  p r o p e r t i e s  

Determine q u a n t i t i e s  and 
c o n c e n t r a t i o n s  p o t e n t i a l l y  
r e l e a s e d  t o  environmental  
pathways 

S i t e  i n s p e c t  ion Sampling and a n a l y s i s  0 C o n c e n t r a t i o n s  

F a c i l i t y  C h a r a c t e r i s t i c s :  

Type of  was te /  
chemical  containment 

Determine p o t e n t i a l  
remedies f o r  r e l e a s e s  

S i t e  i n s p e c t i o n  Remote s e n s i n g  

( c o n t i n u e d )  

*Hay be a p p r o p r i a t e  i f  d e t a i l e d  informat ion  is  r e q u i r e d .  
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TABLE 7-1. (continued) 

Appropr ia te  C o l l e c t i o n  Uethods 

I n f o r m a t i o n  Needed Purpose or R a t i o n a l e  

0 I n t e g r i t y  o f  waste/  Determine p r o b a b i l i t y  
chemical  containment  o f  r e l e a s e  and t i m i n g  

o f  response 

0 Drainage c o n t r o l  Determine p r o b a b i l i t y  
o f  r e l e a s e  t o  s u r f a c e  
water  

0 Engineered 
s t r u c t u r e s  

0 S i t e  s e c u r i t y  

I d e n t i f y  p o a s i b l e  
c o n d u i t s  f o r  m i g r a t i o n  
or i n t e r f e r e n c e  with 
remed i a l  a c t  i o n s  

Determine p o t e n t i a l  f o r  
release by d i r e c t  c o n t a c t :  
may d i c t a t e  response  

0 Known d i s c h a r g e  Provide p o i n t s  f o r  
p o i n t s  ( o u t  f a 1  l e  , a c c i d e n t a l  or in ten-  
a t  ac ks) t i o n a l  d i s c h a r g e  

Primary Secondary* 

S i t e  i n s p e c t i o n  Sampling and a n a l y s i s ,  
n o n d e s t r u c t i v e  t e s t i n g  

S i t e  i n s p e c t i o n ,  
topographic  maps 

S i t e  i n s p e c t i o n  Remote s e n s i n g  

S i t e  i n s p e c t i o n  

S i t e  i n s p e c t  i o n  

0 Uapping and 
s u r v e y i n g  

Locate  e x i s t i n g  s t r u c t u r e s  Ex is t i n g  maps Remote s e n s i n g ,  
and o b s t r u c t i o n s  for  (USGS. county ,  s u r v e y i n g  
a1 t e r n a t  i v e s  e v a l u a t i o n ,  
s i t e  f e a t u r e s ,  and topography 

land  development) 

*Hay be a p p r o p r i a t e  i f  d e t a i l e d  informat ion  is  r e q u i r e d .  



Unless an e x t e n s i v e l y  d e t a i l e d ,  v e r i f i a b l e  inven to ry  of wastes a t  a s i t e  
exists,  i t  w i l l  be necessary t o  c o l l e c t  d a t a  on t h e  types of contaminants,  t h e  
l o c a t i o n  and volume ( h o r i z o n t a l  and v e r t i c a l  e x t e n t )  of t he  s o u r c e s ,  and t h e  
v a r i a t i o n  of c o n c e n t r a t i o n s  w i t h i n  t h e  source volume. This  e f f o r t  may r e q u i r e  
an e x t e n s i v e  program involving d i s c r e t e  samples ( o r  composites) over t h r e e  
dimensions and a n a l y s i s  using s o p h i s t i c a t e d  techniques.  Methods s u i t a b l e  f o r  
sampling and a n a l y s i s  a r e  descr ibed i n  Ford, Tur ina ,  and Seely (1983) .  

It may be p o s s i b l e  t o  determine the  l o c a t i o n  and e x t e n t  of  sou rces  and 
t h e  v a r i a t i o n s  of m a t e r i a l s  w i t h i n  a waste d e p o s i t  by non-chemical a n a l y s i s .  
Geophysical su rveys ,  using a v a r i e t y  o f  techniques ( e . g . ,  ground-penetrating 
r a d a r ,  e l e c t r i c a l  r e s i s t i v i t y ,  e l ec t romagne t i c  i nduc t ion ,  magnetometry, and 
se i smic  p r o f i l i n g ) ,  can e f f e c t i v e l y  d e t e c t  and map t h e  l o c a t i o n  and e x t e n t  o f  
bu r i ed  waste d e p o s i t s .  Aerial photography and i n f r a r e d  imagery can a i d  i n  
d e f i n i n g  sources  through i n t e r p r e t a t i o n  of t he  e c o l o g i c a l  impacts r e s u l t i n g  
from s t r e s s e d  b i o t a .  However, a l l  of t h e s e  geophysical  methods are nonspe- 
c i f i c ,  and subsequent ex tens ive  sampling of t h e  sources  may be r equ i r ed  t o  
provide the  d a t a  fo r  e v a l u a t i o n  of source c o n t r o l  measures a t  t h e  s i t e .  
l a t t e r  e v a l u a t i o n s  may a l s o  r e q u i r e  f i e l d  and l abora to ry .  measurements of s o i l  
p o r o s i t y ,  pe rmeab i l i t y ,  and eng inee r ing  c h a r a c t e r i s t i c s .  

The 

The amount of  each chemical t h a t  i s  b u r i e d  i n  drums, s p i l l e d  o n / i n  
s u r f a c e  s o i l s ,  s t o r e d  above ground, p re sen t  i n  a lagoon, e t c . ,  should be 
determined. The i n t e g r i t y  of chemical containment should a l s o  be determined; 
f o r  example ,  i t  is  important t o  know whether drums are l eak ing  o r  l i k e l y  t o  
l e a k ,  o r  whether a lagoon is secu re  o r  i s  l i k e l y  t o  overflow o r  l eak  i n t o  
ground water .  
q u a l i t a t i v e l y  or q u a n t i t a t i v e l y  t h e  l e v e l  o f  contaminant r e l e a s e  from the 
s i t e .  P e r t i n e n t  contaminant-specif ic  d a t a  include physical /chemical  prop- 
e r t ies  of t he  t a r g e t  chemicals ,  which can be obtained from s t anda rd  chemical 
r e f e r e n c e  sources ,  such a s  Weast (1971);  Pe r ry  and Ch i l ton  (1973);  Windholz 
(1976);  Aldrich Chemical Canpany (1980);  Verschueren (1977);  Hansch and Leo 
(1979);  Dawson, Eng l i sh ,  and P e t t y  (1980);  Lyman, Reehl,  and Rosenblat t  
(1981);  Hawley (1981);  Kirk-Othmer (1978);  Cal lahan et  a l . ,  (1979);  and Mabey, 
Smith, and Podol l  (1982).  The information i s  a l s o  a v a i l a b l e  from the  Chemical 
Information S e r v i c e  (CIS) and o t h e r  c o m e r c i a 1  c a p u t e r i z e d  d a t a  bases .  

A l l  of t h i s  information is necessa ry  t o  e s t i m a t e  e i t h e r  

Obtaining and o rgan iz ing  a l l  of t h e s e  d a t a  c o n s t i t u t e  t h e  f i r s t  s t e p s  of 
t h e  s i t e  i n v e s t i g a t i o n .  Because a l l  subsequent ana lyses  w i l l  focus on t h e  
chemicals  i d e n t i f i e d  a t  t h i s  s t a g e ,  g r e a t  c a r e  s h o u l d , b e  taken t o  ensure t h a t  
no s i g n i f i c a n t  chemicals or  r e l e a s e  sources  a r e  overlooked. 

7.3.1.2 Geologic I n v e s t i g a t i o n s  

The geology of t h e  a r e a  is  important i n  s i t e  e v a l u a t i o n  because of  t h e  
i n t e r r e l a t i o n s h i p s  between geology and source releases, water movement and 
contaminant t r a n s p o r t ,  and ease of implementation of  remedial  a l t e r n a t i v e s .  
S t r u c t u r e s  i n f l u e n c i n g  ground-water flow may inc lude  f o l d s ,  f a u l t s ,  j o i n t s ,  
f r a c t u r e s ,  and in t e rconnec ted  voids .  S t r a t i g r a p h i c  information may be used t o  
i d e n t i f y  a q u i f e r s  and conf in ing  formations so t h a t  t h e  u n i t s  most l i k e l y  t o  
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t r a n s p o r t  contaminants can be d e l i n e a t e d .  S t r a t i g r a p h i c  d a t a  and composition 
of  the geologic  u n i t s  a r e  u s e f u l  i n  e s t i m a t i n g  e f f e c t i v e  p o r o s i t y ,  permeabil- 
i t y ,  and homogeneity, which cause flow wi th in  an a q u i f e r .  The geo log ic  i n f o r -  
mation t h a t  may be needed t o  e v a l u a t e  t h e  s i t e  hydrology and s i t e  eng inee r ing  
a s p e c t s  i s  summarized i n  Table 7-2. 

7.3.1.3 Ground-Water I n v e s t i g a t i o n s  

Ground-water contamination can r e s u l t  from su r  f ace  s p i l l s ,  seepage from 
i n j e c t i o n  w e l l s ,  mass dumping i n t o  p i t s ,  and l each ing  from buried wastes  o r  
lagoons.  C h a r a c t e r i z a t i o n  of contaminant t r a n s p o r t  i n  ground water r e q u i r e s  
t h a t  t h e  hydrologic  p r o p e r t i e s  of t h e  a q u i f e r  be determined. The d i r e c t i o n  of 
ground-water flow .can be determined by comparing s t a t i c  water l e v e l  e l e v a t i o n s  
i n  a series of wells completed i n  t h e  same a q u i f e r .  The flow r a t e  can be 
c a l c u l a t e d  from the g rad ien t  of t h e  ground-water s u r f a c e ,  and h y d r a u l i c  con- 
d u c t i v i t y  and po ros i ty .  The rate can be determined more p r e c i s e l y  from t h e  
r e s u l t s  of pumping t e s t s .  Flow v a r i e s  according t o  a q u i f e r  type ( c o n f i n e d ,  
unconfined , o r  perched) , hydrologic  boundaries ,  i n t e rconnec t ion  with o t h e r  
a q u i f e r s  ( l e a k a g e ) ,  and hydrologic  s t r e s s e s  ( r e c h a r g e  o r  withdrawal) .  

Ground-water and geo log ic  d a t a  not a v a i l a b l e  i n  the l i t e r a t u r e  
almost always r e q u i r e  d i r e c t  obse rva t ion  through t h e  i n s t a l l a t i o n  of 
ground-water wells, a q u i f e r  tes ts  t o  determine flow parameters such a s  
pe rmeab i l i t y  and hydrau l i c  p o t e n t i a l ,  and e x t e n s i v e  sampling and a n a l y s i s .  
Geophysical survey methods may be u s e f u l  f o r  determining geo log ic  and 
geohydrologic cond i t ions  and f o r  e v a l u a t i n g  the d i r e c t i o n  and e x t e n t  of 
contaminant plumes. Procedures f o r  w e l l  i n s t a l l a t i o n ,  a q u i f e r  t e s t i n g ,  and 
sampling of t he  ground-water regime are desc r ibed  i n  Ford, Turina,  and See ly  
(1983). The types of  hydrologic  d a t a  t h a t  may be needed t o  c h a r a c t e r i z e  t h e  
movement of contaminants i n  ground water a r e  presented i n  Table 7-3. 

7.3.1.4 Surface-Water I n v e s t i g a t i o n s  

I f  contaminants can be t r anspor t ed  v i a  surface-water r u n o f f ,  then 
sampling t o  eva lua te  the  types and l e v e l s  of  contaminants w i t h i n  t h e s e  media 
should be performed. Because the importance of t h e s e  pathways depends g r e a t l y  
on weather c o n d i t i o n s ,  d a t a  should be c o l l e c t e d  a t  s p e c i f i c ,  known l o c a t i o n s  
( o r  s t a t i o n s )  , under known meteorological  c o n d i t i o n s ,  and through pe r iods  
r ep resen t ing  n a t u r a l  c y c l e s  i n  ambient cond i t ions .  For example, surface-water 
samples might be c o l l e c t e d  a t  an e s t a b l i s h e d  s t a t i o n  over a s easona l  o r  annual 
hydrologic  c y c l e  and be fo re ,  d u r i n g ,  and a f t e r  pe r iods  of  heavy r a i n f a l l .  
Extensive sampling and chemical ana lyses  may be r e q u i r e d .  Es t ab l i shed  sampling 
and a n a l y t i c a l  procedures f o r  surface-water f i e l d  s t u d i e s  can be found i n  
Ford, Tur ina ,  and Seely (1983 and 1984) and i n  U.S. EPA ( 1 9 8 2 ~  and 1984k).  
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TABLE 7-2. SUMMARY OF IMPORTANT GEOLOGIC INFORMATION 

I n f o r m a t i o n  Needed 

S t r u c t u r a l  F e a t u r e s :  

0 F o l d s .  f a u l t s  

Pu rpose  or R a t i o n a l e  

Determine n a t u r a l  f low 
b a r r i e r a  or c o n t r o l s  

0 J o i n t s  , f r a c t u r e s ,  P r e d i c t  ma jo r  b o u n d a r i e s ,  
i n t e r c o n n e c t e d  v o i d s  avenues o f  ground-water 

f low 

S t r a t i g r a p h i c  C h a r a c t e r i s t i c s :  

0 T h i c k n e s s ,  a e r i a l  Determine geometry of 
e x t e n t  , c o r r e l a t i o n  a q u i f  ... s and c o n f i n i n g  
of  u n i t s ,  e x t e n t  l a y e r s  , a q u i f e r  r e c h a r g e  
( h o r i z o n t a l  and and d i s c h a r g e  
v e r t i c a l )  of  a q u i f e r s  
and c o n f i n i n g  u n i t s  

0 Minera l  c o m p o s i t i o n ,  Determine ground-water 
p e r m e a b i l i t y  and q u a l i t y  , movement , 
p o r o s i t y ,  g r a i n - s i z e  o c c u r r e n c e ,  produc- 
d i s t r i b u t i o n ,  i n - s i t u  t i v i t y  
d e n s i t y ,  m o i s t u r e  
c o n t e n t  

A p p r o p r i a t e  C o l l e c t i o n  Methods 

P r i m a r y  Secondary* 

E x i s t i n g  g e o l o g i c  maps,  Remote s e n s i n g ,  a e r i a l  
f i e l d  s u r v e y s  photography,  g e o p h y s i c a l  

t e c h n i q u e s  

E x i s t i n g  g e o l o g i c  Borehole  l o g g i n g  and 
p r o f i l e s ,  pump tests mapping, g e o p h y s i c a l  

t e c h n i q u e s  ( l i m i t e d )  

Ex is t i n g  g e o l o g i c  maps , Borehole  logg ing  and 
o b s e r v a t i o n  wells mapping, g e o p h y s i c a l  

t e c h n i q u e s  ( l i m i t e d )  

L a b o r a t o r y  a n a l y e i s ,  E x i s t i n g  l i t e r a t u r e  
e x i s t i n g  g e o l o g i c  
1 i t e r a t u r e  

*May be a p p r o p r i a t e  i f  d e t a i l e d  i n f o r m a t i o n  i s  r e q u i r e d .  
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TABLE 7-3. SUMMARY OF IMPORTANT GROUND-WATER INFORMATION 

In fo rma t  i o n  Needed 

Ground-Water Occurrence :  

A q u i f e r  boundar i e s  
and l o c a t  i o n s  

0 Aqui fe r  a b i l i t y  
t o  t r a n s m i t  wa te r  

Ground-Water Uovement : 

D i r e c t i o n  o f  f low 

0 Rate o f  f low 

Purpose  or R a t i o n a l e  

Appropr i a t e  C o l l e c t i o n  Uethods 

P r imary  ' Secondary* 

Def ine  f low l i m i t s  and E x i s t i n g  l i t e r a t u r e ,  Borehole  logg ing ,  r e g i o n a l  
deg ree  o f  a q u i f e r  con- Water Resource Atlases wa te r  l e v e l  measurements 
f inement 

Determine p o t e n t i a l  Pumping and i n j e c t i o n  
q u a n t i t i e s  and r a t e s  f o r  tests o f  moni tor  wells 
t r e a t m e n t  o p t i o n s  

I d e n t i f y  most l i k e l y  
pathways o f  contaminant  
m i g r a t i o n  

Determine maximum 
p o t e n t i a l  m i g r a t i o n  
ra te  and d i s p e r s i o n  
o f  con taminan t s  

Ground-Water RechargefDischarge :  

Loca t ion  of r e c h a r g e l  Determine i n t e r c e p t  i on  
d i s c h a r g e  areas p o i n t s  f o r  v i t h d r a w a l  

o p t i o n s  or a r e a s  o f  
capping  

E x i s t i n g  hydro log ic  Water l e v e l  measurements 
l i t e r a t u r e  i n  mon i to r  wells 

E x i s t i n g  hydro log ic  Hydrau l i c  g r a d i e n t  , per- 
l i t e r a t u r e  m e a b i l i t y ,  and e f f e c t i v e  

p o r o s i t y  from wa te r  l e v e l  
c o n t o u r s ,  pump tes t  r e s u l t s ,  
and l a b o r a t o r y  a n a l y s e s  

E x i s t i n g  s i t e  d a t a ,  Comparison o f  water  l e v e l s  
hydro log ic  l i t e r a t u r e ,  i n  o b s e r v a t i o n  w e l l s ,  
s i t e  i n s p e c t i o n  p i ezomete r s ,  l a k e s  and 

streams 
( c o n t i n u e d )  

*nay be a p p r o p r i a t e  i f  d e t a i l e d  in fo rma t ion  is r e q u i r e d  or i f  i t  is t h e  o n l y  method due  to a p a u c i t y  o f  pub l i shed  
d a t a .  



TABLE 7-3. ( continued) 

A p p r o p r i a t e  C o l l e c t i o n  Methods 

I n f o r m a t i o n  Needed P u r p o s e  or R a t i o n a l e  P r i m a r y  Secondary*  

0 R a t e  Determine  v a r i a b i l i t y  E x i s t i n g  l i t e r a t u r e  Water  b a l a n c e  c a l c u l a t i o n s  
of , l o a d i n g  to  t r e a t m e n t  
o p t  i o n s  

a i d e d  by g e o l o g y  and soi l  d a t a  

Ground-Water Q u a l i t y :  

0 pll, t o t a l  d i s s o l v e d  Determine  e x p o s u r e  v i a  E x i s t i n g  s i te  d a t a  A n a l y a i s  o f  ground-water  
s a m p l e s  from o b s e r v a t i o n  s o l i d s ,  s a l i n i t y ,  ground w a t e r ;  d e f i n e  

s p e c i f i c  c o n t a m i n a n t  c o n t a m i n a n t  plume f o r  well 8 ,  g e o p h y s i c s  
c o n c e n t r a t i o n s  e v a l u a t i o n  of i n t e r c e p t  i o n  

methods  

*Hay b e  a p p r o p r i a t e  i f  d e t a i l e d  i n f o r m a t i o n  is r e q u i r e d  or i f  i t  is t h e  o n l y  method due  to a p a u c i t y  of p u b l i s h e d  
d a t a .  
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The t r a n s p o r t  of a contaminant i n  s u r f a c e  water i s  c o n t r o l l e d  by the  
flow, which i n  streams i s  a func t ion  of t he  g r a d i e n t ,  geometry, and coef-  
f i c i e n t  of f r i c t i o n .  The contaminant has t h r e e  p o s s i b l e  modes of t r a n s p o r t :  
(1) i t  may be sorbed on.to the  sediment c a r r i e d  by the flow; ( 2 )  i t  may be 
c a r r i e d  as  a suspended s o l i d ;  o r  ( 3 )  i t  may be c a r r i e d  as a s o l u t e  ( d i s -  
so lved) .  So lu te  t r a n s p o r t  i s  the  f a s t e s t  mode of t r a n s p o r t .  The t r a n s p o r t  
of a d i s so lved  contaminant can be determined by c h a r a c t e r i z i n g  the  flow of t h e  
su r face  water and the  contaminant d i s p e r s i o n ,  whereas sediment and suspended 
s o l i d  t r a n s p o r t  include o t h e r  processes  such as d e p o s i t i o n  and r e suspens ion .  
It is  a l s o  important t o  consider  p o s s i b l e  i n t e r a c t i o n s  between s u r f a c e  water  
and ground water .  The surface-water information t h a t  may be r equ i r ed  f o r  
remedial  i n v e s t i g a t i o n s  is presented i n  Table 7-4. 

7 . 3 . 1 . 5  Pedological  I n v e s t i g a t i o n s  

The amount of contaminated l i q u i d  t h a t  i n f i l t r a t e s  i n t o  the  ground 
depends on the  ground cover ,  antecedent moi s tu re ,  land u s e ,  and t h e  s u r f a c e  
s o i l  t y p e .  The amount of contaminated l i q u i d  and t h e  pathway it  may t a k e  t o  
e n t e r  an a q u i f e r  depend on the  physical  p r o p e r t i e s  ( e . g . ,  pe rmeab i l i t y ,  
po ros i ty )  of t h e  subsurface geologic  media and t h e  near-surface c h a r a c t e r i s -  
t i c s  ( e . g . ,  s o i l  p o r o s i t y  and moisture  c o n t e n t ,  s l o p e ,  v e g e t a t i v e  c o v e r ) .  

Wet s o i l s  a r e  r e s i s t a n t  t o  p e r c o l a t i o n ,  s t e e p e r  s l o p e s  have g r e a t e r  
r u n o f f ,  and low pe rmeab i l i t y  c l a y  o r  s i l t  l e n s e s  may d e f l e c t  contaminant 
mig ra t ion  h o r i z o n t a l l y .  A d i s s o l v e d  contaminant can i n f i l t r a t e  with t h e  
wa te r ,  whereas contaminants t h a t  a r e  suspended o r  sorbed on to  sediments may 
remain. R a i n f a l l  or  f l ood ing  may r e s u l t  i n  sudden t r a n s p o r t ,  al though t h e  
contaminant would be d i l u t e d .  Transport  of the contaminant can be determined 
by soil samples taken a t  va ry ing  depths  and d i s t a n c e s  from the  sou rce .  

S o i l  chemistry p l a y s  a major r o l e  i n  the  t r a n s p o r t  of chemicals through 
the s o i l  and i n  the  a v a i l a b i l i t y  of the chemicals f o r  b i o l o g i c a l  uptake.  Both 
physical  processes  ( e . g . ,  adso rp t ion /deso rp t ion )  and chemical processes  w i t h i n  
the s o i l s  ( e . g . ,  complexation of m e t a l s  by s o i l  c o n s t i t u e n t s )  should be 
i n v e s t i g a t e d  i n  c h a r a c t e r i z i n g  the mig ra t ion  of contaminants through s o i l s .  
The s p e c i e s  p re sen t  and the  l e a c h a b i l i t y  of chemicals  from the  s o i l  must be 
determined t o  understand p o t e n t i a l  b i o l o g i c a l  uptake.  Table 7-5 summarizes 
c h a r a c t e r i s t i c s  of t he  unsaturated zone and s o i l  p r o p e r t i e s  t h a t  should be 
i d e n t i f i e d  . 

Appropriate methods f o r  c o l l e c t i n g  geochemical d a t a  include sampling/ 
a n a l y s i s  through the  s o i l  column, ( e . g . ,  using l y s i m e t e r s )  and adso rp t ion /  
deso rp t ion  experiments.  Ex i s t ing  geochemical t r a n s p o r t  models r e q u i r e  an 
ex tens ive  a r r a y  of d a t a  which may be beyond the  scope of  s i t e  c h a r a c t e r i z a t i o n  
e f f o r t s .  Experts i n  geochemistry and pedology should be consul ted t o  d e f i n e  
appropr i a t e  procedures i f  s i t e  cond i t ions  warrant i n v e s t i g a t i o n s  beyond 
providing chemical d a t a  w i t h i n  s o i l  p r o f i l e s ,  
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TABLE 7-4. SUMMARY OF IMPORTANT SURFACE-WATER INFORMATION 

Information Needed 

Drainage Patterns: 

0 Overland flov, 
topography, channel 
flou pattern, trib- 
utary relationships 

Surface-Water Bodies: 

0 Flow. stream vidths 
and depths, channel 
elevations, flooding 
tendencies 

Structures 

0 Surface-waterlground- 
water relationships 

Sur face-Water Quality : 

0 pH, temperature, total 
suspended solids, sus- 
pended sediment , 
salinity, specific 
contaminant concen- 
trations 

Appropriate Collection Methods 

Purpose or Rationale Primary Secondary* 

Determine i f  overland or Topographic maps, 
channel flou can result site inspection 
in onsite or offsite 
flov and if patterns form 
contaminant pathuays 

Determine volume and 
velocity, transport 
times, dilution potential, 
potential spread of 
contamination 

Effect of man-made struc- 
tures on contaminant 
transport and mitigation 

Predict contaminant path- 
ways for intercept ive 
remedial actions 

Provide capacity of 
water to carry contami- 
nants and. uater/aediment 
partitioning 

Aerial mapping, ground 
survey 

Public agency data and 
atlases; catalogs, mapa. survey 
and handbooks for back- 
ground data 

Aerial mapping. ground 

Public agency maps 
and records 

Public agency reports Water level measurements, 
and surveys modeling 

Public agency compu- 
terized data files, 
handbooks. open 
literature 

Sampling and analysis 

- 
*May be appropriate i f  detailed information is required. 
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TABLE 7-5. SUMMARY OF IMPORTANT PEDOLOGICAL INFORMATION 

Information Needed Purpoae or Rationale  

Appropriate Col lec t ion  Hethods 

Primary Secondary* 

S o i l  C h a r a c t e r i s t i c s :  

Borehole sampl ing , 0 Type, holding capaci ty .  Estimate the  e f f e c t  of Reports and maps by 
temperature ,  b io logica l  the  proper t ies  on i n f i l -  Federal and county laboratory measurements 
a c t i v i t y  , engineering t r a t i o n  and r e t a r d a t i o n  agencies ,  Soi l  Conser- . (ASTII methods) 
p r o p e r t i e s  of leacha tes  and t h e  va t ion  Service t s c s )  

r e l e a s e  of gaaeoua con- publ ica t ions  
t am i n  ant  a 

-J Unsaturated Zone I 
I- 
\o 

Charac t e r  i s  t i c  s : 

0 Permeabi l i ty .  v a r i -  
a b i l i t y ,  poros i ty .  
moisture  c o n t e n t ,  
chemical charac te r -  
i a t i c a ,  ex ten t  of 
contaminat ion 

S o i l  Chemistry 
Charac t e r  ist  i c  8 : 

Estimate leacha te  t rans-  Exis t ing  l i t e r a t u r e  
port  through s o i l  mat r ices  

0 S o l u b i l i t y ,  ion apeci- Predic t  contaminant 
a t i o n ,  adsorp t ion  movement through s o i l s  l i t e r a t u r e  
c o e f f i c i e n t s ,  leach- and a v a i l a b i l i t y  of 
a b i l i t y ,  exchange contaminant a t o  b iolog- 
capac it  y , mineral  ice1 systems 
p a r t i t i o n  c o e f f i c i e n t s ,  
chemical and s o r p t i v e  
p r o p e r t i e s  

Ex is t ing sc ien  t i f i c  

Borehole logs ,  geophysical 
surveys,  sampl ing and 
a n a l y s i s ,  lys imeters  

Chemical ana lys i s .  column 
experiments, leaching t e s t s  

*Hay be appropr ia te  i f  d e t a i l e d  information is required.  



7.3.1.6 Atmospheric I n v e s t i g a t i o n s  

Airborne contaminants can be r e l e a s e d  by f i r e ,  exp los ion ,  evapora t ion ,  
sub l ima t ion ,  and i n d u s t r i a l  processes .  Data on t h e  c h a r a c t e r i s t i c s  o f  t h e  
release and t h e  atmospheric c o n d i t i o n s  may be required t o  d e f i n e  the  path and 
d i s p e r s i o n  of t he  release. Atmospheric c o n d i t i o n s  can a l s o  cause t r a n s p o r t  by 
o t h e r  pathways; f o r  example, p r e c i p i t a t i o n  can r e s u l t  i n  t r a n s p o r t  by both 
s u r f a c e  water and ground water .  C l ima t i c  d a t a  can be obtained from the  U.S. 
Department of Commerce (1961 and 1968).  
sampling systems are d i scussed  i n  U.S. EPA (1971a) and ASTM (1974).  Table 7-6 
summarizes atmospheric i n v e s t i g a t i o n s  t h a t  may be needed at  a s i t e .  

The des ign  and implementation of a i r  

7.3.1.7 I d e n t i f i c a t i o n  of Contaminants of Concern 

Before any a n a l y s i s  of t h e  p o t e n t i a l  f o r  human o r  environmental  exposure 
can begin,  t hose  chemicals on which t h e  ana lyses  w i l l  focus must be s e l e c t e d .  
R e l a t i v e l y  few chemicals  should be s e l e c t e d  f o r  a n a l y s i s  f o r  any s i t e ;  how- 
ever, any chemicals f o r  which environmental  s t anda rds  o r  c r i t e r i a  have been 
developed should be included i n  remedial  i n v e s t i g a t i o n  ana lyses .  De ta i l ed  
guidance f o r  s e l e c t i n g  t a r g e t  chemicals w i l l  be presented i n  the  forthcoming 
Superfund pub l i c  h e a l t h  e v a l u a t i o n  guidance. 

The goa l  of chemical s e l e c t i o n  i s  t o  choose chemicals t h a t  r e p r e s e n t  t h e  
most hazardous chemical s p e c i e s  o r  f a m i l i e s  p re sen t  a t  t h e  s i t e ,  i n  terms of 
prevalence,  t o x i c i t y ,  and m o b i l i t y .  S e l e c t i o n  is  based on haza rd - re l a t ed  
c r i t e r i a ,  which must be de f ined  during the  remedial  i n v e s t i g a t i o n .  Because a 
t o x i c  substance does no harm t o  human h e a l t h  u n t i l  exposure occur s ,  t h e  
l i k e l i h o o d  of t he  mig ra t ion  of t h e  chemical from the s i t e  is  a major 

t h e  mig ra t ion  and exposure p o t e n t i a l  of a given chemical must be determined: 
' c o n s i d e r a t i o n  i n  chemical selection. The fol lowing s i x  f a c t o r s  r e l a t i n g  t o  

Amount of  each chemical p re sen t  a t  t h e  s i t e  

Evidence of e x i s t i n g  o r  p a s t  environmental  contamination 

Vola t il i t  y 

Mobil i ty  i n  s o i l  

S o l u b i l i t y  i n  water  

Transformation p o t e n t i a l .  

7.3.1.8 I n v e s t i g a t i o n s  of A f f e c t s  on Pub l i c  Heal th  

To assess pub l i c  h e a l t h  impacts two broad c a t e g o r i e s  of  d a t a  should be 
c o l l e c t e d  during t h e  remedial  i n v e s t i g a t i o n :  f i r s t ,  d a t a  t o  e v a l u a t e  the  
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TABLE 7-6. SUMMARY OF IMPORTANT ATMOSPHERIC INFORMATION 

Informat ion  Needed 

Local  C 1  imate:  
0 P r e c i p i t a t i o n  

0 Temperature 

0 Wind speed and d i r e c t i o n  

0 Presence  o f  i n v e r s i o n  
4 layers  
1 
h) 
c Weather Extremes: 

0 Storms 

0 Floods 

0 Winds 

Release  C h a r a c t e r i s t i c s  : 
0 D i r e c t i o n  and speed 

o f  plume movement 

Purpose or R a t i o n a l e  

Define r e c h a r g e ,  a e o l i a n  
e r o s i o n ,  e v a p o r a t i o n  
p o t e n t i a l ,  e f f e c t  o f  
weather  p a t t e r n s  on 
remedial  a c t i o n s ,  a r e a  
of d e p o s i t i o n  o f  
p a r t i c u l a t e s  

Determine e f f e c t  of  
weather  extremes on 
s e l e c t i o n  and t iming  of  
remedial  a c t  i o n s ,  
ex t remes  o t  d e p o s i t i o n a l  
a r e a s  

Determine d i s p e r s i o n  
c h a r a c t e r i s t i c s  o f  
release 

Appropr ia te  C o l l e c t i o n  Methods 

P r  i q a r y  Secondary* 

Nat iona l  Cl imate  Center  O n s i t e  measurements and 
(NCC) o f  Nat iona l  o b s e r v a t i o n s  
Oceanic Atmospheric 
Adm i n  is t r a t  i o n ,  loc a1 
weather  bureaus  

NCC, S t a t e  emergency 
p lanning  o f f i c e s  

Informat ion  from source  O n s i t e  measurements 
f a c i l i t y ,  weather  
s e r v i c e s ,  a i r  moni tor ing  
serv ices 

0 Rate, amount, t e m -  
p e r a t u r e  of  r e l e a s e  

0 Contaminant concen- 
t r a  t i o n s  

0 R e l a t i v e  d e n s i t i e s  

*May be a p p r o p r i a t e  i f  d e t a i l e d  informat ion  is  r e q u i r e d .  



l i k e l i h o o d  of  contaminant release from t h e  s i t e  and t o  p r e d i c t  t he  environ- 
mental  f a t e  of r e l e a s e d  subs t ances ,  and second, information t o  i d e n t i f y ,  
enumerate, and c h a r a c t e r i z e  human popu la t ions  exposed t o  t o x i c s  .escaping from 
t h e  s u b j e c t  s i t e .  

Much of t he  d a t a  i n  t h e  f i r s t  ca t egory  w i l l  be obtained and organized 
when s e l e c t i n g  chemicals of  concern ( s e e  s e c t i o n  7 . 3 . 1 . 7 ) .  Various s i t e  
hydro log ic ,  c l i m a t o l o g i c  , physiographic ,  and o p e r a t i o n a l  parameters a r e  a l s o  
needed ( s e e  previous t a b l e s ) .  A d d i t i o n a l l y ,  t h e  assessment of  t h e  biochemical 
f a t e  of r e l e a s e d  contaminants may r e q u i r e  information on t h e  geographic 
l o c a t i o n s  of  e l e v a t e d  c o n c e n t r a t i o n s ,  b iomagn i f i ca t ion  p o t e n t i a l  o f  t h e  
chemicals involved,  b i o t i c  popu la t ions  .around s i t e s ,  b i o l o g i c  behavior  
p a t t e r n s ,  i n t e r - s p e c i e s  e c o l o g i c a l  r e l a t i o n s h i p s ,  and t h e  i n t e r a c t i o n  between 
b i o t a  and humans. Sampling and s i t e  obse rva t ions  should support  any modeling 
a c t i v i t y  a n t i c i p a t e d .  
c o n t a c t  with l o c a l ,  S t a t e ,  and n a t i o n a l  w i l d l i f e  management agenc ie s ,  census 
bu reaus ,  outdoor  r e c r e a t i o n  groups,  and a g r i c u l t u r a l  a u t h o r i t  ies . 

These d a t a  are generated through s i t e  i n v e s t i g a t i o n  and 

The second ca t egory  of d a t a ,  o b t a i n a b l e  from maps and Bureau of t h e  
Census r e p o r t s ,  i nc ludes  the  numbers and l o c a t i o n s  of i n h a b i t a n t s  i n  a g i v e n  
geographic a r e a .  Data d e s c r i b i n g  t h e  type and e x t e n t  of human con tac t  with 
contaminated media are a l s o  needed. This  information g e n e r a l l y  inc ludes  : 

Local use of s u r f a c e  waters  d r a i n i n g  t h e  s i t e  
- Drinking water 
- Recrea t ion  (swimming, f i s h i n g )  

Local use of  ground water a s  a d r ink ing  water source 
- Distance of w e l l s  from s i t e  
- Expected d i r e c t i o n  of ground-water flow 

e Human use of o r  access  t o  t h e  s i t e  and ad jacen t  l ands  
- Recrea t ion  
- Hunting 
- R e s i d e n t i a l  
- Commercial 
- R e l a t i o n s h i p  between popu la t ion  l o c a t i o n s  and p r e v a i l i n g  wind 

d i r e c t  ion.  

When mutagenic o r  t e r a t o g e n i c  chemicals a r e  involved,  t he  populat ion age 
and sex d i s t r i b u t i o n  of the  popu la t ion  may be needed t o  i d e n t i f y  h igh - r i sk  
subpopulat ions.  Also,  any e x i s t i n g  epidemiological  d a t a  concerning a f f e c t s  
a l r e a d y  shown by popu la t ions  near  t h e  s u b j e c t  s i t e  a r e  h e l p f u l .  These d a t a  
may inc lude  d i r e c t  evidence of h e a l t h  impact ( e . g . ,  increased morbidi ty  and 
m o r t a l i t y )  o r  evidence o f  p o t e n t i a l  h e a l t h  impacts ( e . g . ,  body burden measure- 
ments f o r  contaminants of concern) .  P o t e n t i a l  h e a l t h  impacts can be 
c h a r a c t e r i z e d  using EPA gu ide l ines .  being developed f o r  exposure assessments ,  
c a r c i n o g e n i c i t y ,  mu togen ic i ty ,  t e r a t o g e n i c i t y  and f e r o t o x i c  endpo in t s ,  and f o r  
exposure t o  chemical mix tu res  and systemic t o x i c a n t s  (U.S. EPA 1984f-1984k). 

L 
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7.3.1.9 B io log ica l /Eco log ica l  I n v e s t i g a t i o n s  

B io log ica l  and e c o l o g i c a l  information i s  c o l l e c t e d  f o r  use i n  t h e  
endangerment and environmental assessments .  The assessment should fo l low t h e  
g u i d e l i n e s  of t he  Nat ional  Environmental P o l i c y  Act of 1969, as  amended; 
however, S t a t e  g u i d e l i n e s  may be more s t r i n g e n t  and should a l s o  be consu l t ed .  
The information should include i d e n t i f i c a t i o n  of t he  s i t e  fauna and f l o r a  
( e s p e c i a l l y  endangered s p e c i e s  and those  consumed by humans o r  found i n  human 
foodcha ins ) ,  c r i t i c a l  h a b i t a t s ,  land use ,  water u se ,  and the  d i s t r i b u t i o n  of 
water wells ( U . S .  EPA, 1982b). Spec ia l  c o n s i d e r a t i o n  should be given t o  
environmental  c h a r a c t e r i s t i c s  s tud ied  i n  t h e  remedial  i n v e s t i g a t i o n ,  and any 
publ ic  h e a l t h  and environmental assessments performed f o r  t he  f e a s i b i l i t y  
s tudy  demand special  a t t e n t i o n ;  f o r  example, waste components t h a t  become 
incorporated i n t o  p o t e n t i a l  human food s t u f f s  through t h e  environmental  
pathway should be considered.  

A summary of r equ i r ed  environmental information i s  provided i n  Table 7-7. 
Most of t h i s  information should be a v a i l a b l e  i n  pub l i c  r eco rds .  Environmental 
populat ion c h a r a c t e r i s t i c s  and information on land use can be found on l o c a l  
or  r e g i o n a l  maps. 

7.3.1.10 Use of Models i n  S i t e  I n v e s t i g a t i o n  

Models can be v a l u a b l e  t o  a remedial  i n v e s t i g a t i o n  by (1) improving t h e  
conceptual  understanding of contaminant mig ra t ion ;  ( 2 )  p r e d i c t i n g  the  impact 
of remedial  a c t i o n s  o r  n a t u r a l  p rocesses ;  and ( 3 )  e s t i m a t i n g  chemical r e l e a s e s  
and mig ra t ion  over t i m e ,  l e ad ing  t o  estimates of exposure t o  humans and/or t h e  
environment. The l a t t e r  two uses are d i r e c t l y  r e l e v a n t  t o  assessments made 
during the  f e a s i b i l i t y  s tudy.  Models provide a means o f  t e s t i n g  (and con- 
firming) assumptions about t h e  l o c a t i o n  of  sources  and the r e l a t i v e  importance 
of d i f f e r e n t  environmental pathways and p rocesses .  Modeling can a l s o  be used 
t o  d e f i n e  f u t u r e  sampling requirements by i d e n t i f y i n g  i n c o n s i s t e n c i e s  and 
u n c e r t a i n t i e s  i n  e x i s t i n g  d a t a .  

Models a p p l i c a b l e  t o  s i t e  c h a r a c t e r i z a t i o n ,  exposure assessment , and 
remedial  a c t i o n  assessment can be grouped according t o  t h e i r  r e l a t i v e  accuracy 
and t h e i r  a b i l i t y  t o  d e p i c t  s i t e  c o n d i t i o n s .  S impl i f i ed  models ( e . g . ,  ana- 
l y t i c  a1 and semi- anal y t i c a l  mod el  s) q u a n t i t a t i v e l y  estimate s i te  cond i t  ions  
with r e l a t i v e l y  low accuracy and r e s o l u t i o n .  T y p i c a l l y ,  they provide order- 
of-magnitude e s t i m a t e s  (U.S. EPA, 1982a) and r e q u i r e  t h a t  s impl i fy ing  
assumptions be made regarding s i t e  c o n d i t i o n s  and chemical c h a r a c t e r i s t i c s .  
They a r e  use fu l  f o r  screening a l t e r n a t i v e  remedial  a c t i o n s  and may a l s o  be 
used f o r  d e t a i l e d  a n a l y s i s  of a l t e r n a t i v e s .  

S impl i f i ed  models can be w e l l  s u i t e d  t o  s i t e  i n v e s t i g a t i o n s .  Reviews o f  
s i m p l i f i e d  models include a comprehensive d i s c u s s i o n  of simple models of 
surface-water contaminant t r a n s p o r t  and f a t e  by M i l l s  e t  a l .  (19821, two 
handbooks on a n a l y t i c a l  ground-water models by Walton (1983a and 1983b),  a 
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TABLE 7-7. SUMMARY OF IMPORTANT ENVIRONMENTAL INFORMATION 

Informat ion  Needed 

Fauna and F l o r a  

C r i t i c a l  H a b i t a t s  
4 
I 

h) 
P 

Land Use C h a r a c t e r i s t i c s  

Water Use C h a r a c t e r i s t i c s  

Biocontaminat  i o n  

Purpose or R a t i o n a l e  

Determine p o t e n t i a l l y  
a f f e c t e d  ecosystems;  
de te rmine  presence of  
endangered s p e c i e s  

Determine a r e a s  on or 
near  s i t e  t o  be p r o t e c t e d  
d u r i n g  remedia t ion  

Determine i f  t e r r e s t r i a l  
environment could r e s u l t  
i n  human u t i l i z a t i o n ,  
e . g . ,  p resence  of  game 
animals ,  a g r i c u l t u r a l  land 

Determine i f  a q u a t i c  
environment could r e s u l t  
i n  human u t i l i z a t i o n  o f  
w a t e r ,  e . g . ,  presence of  
game, f i s h ,  r e c r e a t  i o n a l  
waters  

Determine observable  
impact of  contaminants  on 
ecosystems 

Appropr ia te  'Col l e c  t i o n  Method s 

Primary Secondary* 

P u b l i c  r e c o r d s  of  a r e a  Remote s e n s i n g ,  ground survey  
p l a n t s  and animals  
survey ,  survey  of p l a n t s  
and animals  on or near  
s i t e ,  survey  of  s i t e /  
a r e a  photographs 

Publ ic  records  of s i t e  Ground survey  
environment 

A g r i c u l t u r a l  and devel-  Remote s e n s i n g ,  ground and 
opnent maps, s i t e  s u r v e y  a e r i a l  survey  

Water resource  agency 
r e p o r t s ,  s i t e  survey 

Sampling and a n a l y s i s ,  
remote s e n s i n g  

*May be a p p r o p r i a t e  i f  d e t a i l e d  informat ion  is r e q u i r e d .  

t .* f r 



paper on subsu r face  d r a i n  modeling by Cohen and M i l l e r  (1983) ,  an inven to ry  o f  
a n a l y t i c a l  s o l u t i o n s  t o  ground-water contaminant t r a n s p o r t  problems by van 
Genuchten and Alves (19821, and a comprehensive review of s i m p l i f i e d  methods 
f o r  r ep resen t ing  remedial  a c t i o n s  by Brown (1983) .  

More d e t a i l e d  mathematical  models ( e  . g .  , numerical computer codes) 
provide g r e a t e r  accuracy and r e s o l u t i o n  ( U . S .  EPA, 1982a) because they a r e  
capable of r e p r e s e n t i n g  s p a t i a l  v a r i a t i o n s  i n  s i t e  c h a r a c t e r i s t i c s  and 
i r r e g u l a r  geometries commonly found a t  a c t u a l  s i t e s .  These models can a l s o  
r ep resen t  t he  a c t u a l  c o n f i g u r a t i o n  and e f f e c t s  of remedial  a c t i o n s  on s i t e  
c o n d i t i o n s .  Detai led mathematical  models a r e  sometimes a p p r o p r i a t e  f o r  
i n v e s t i g a t i o n s  where d e t a i l e d  information on contaminant t r a n s p o r t  and f a t e  
i s  r equ i r ed .  
modeling, while Thomas, ROSS, and Mercer (1982) review numerical ground-water 
flow and t r a n s p o r t  models. Orlob (1971) d i s c u s s e s  mathematical  modeling of 
e s t u a r i e s .  Donigian (1981) reviews runoff  and instream contaminant t r a n s p o r t  
and f a t e  models. Oster  (1982) addres ses  flow and t r a n s p o r t  i n  t h e  unsa tu ra t ed  
zone, and Onishi e t  a l .  (1981) review sediment t r a n s p o r t  and water q u a l i t y  
mathematical models. 

Mercer and Faust (1981) provide an overview of ground-water 

Deciding whether models should be used and s e l e c t i n g  a p p r o p r i a t e  models 
f o r  t he  remedial  i n v e s t i g a t i o n  can be d i f f i c u l t .  Modeling may not be needed 
i f  s i t e  cond i t ions  are w e l l  understood and the  p o t e n t i a l  e f f e c t i v e n e s s  of 
d i f f e r e n t  remedial  a c t i o n s  can be e a s i l y  eva lua ted .  Even a t  more complex 
s i t e s ,  mathematical  modeling may not be j u s t i f i e d  i f  r e sources  ( e . g . ,  d a t a  and 
e x p e r t i s e )  a r e  l i m i t e d  o r  r e l a t i v e l y  s t r a i g h t f o r w a r d  remedial  a c t i o n s  a r e  
expected t o  be used. When modeling is p o t e n t i a l l y  a p p r o p r i a t e ,  s e l e c t i o n  of 
t he  model m u s t  cons ide r :  

e Data requirements  

e A b i l i t y  t o  r e s o l v e  key v a r i a t i o n s  i n  s i t e  c o n d i t i o n s  and the  phys ica l  
c o n f i g u r a t i o n  o f  remedial  a c t i o n s  

e The d imens iona l i ty  of t h e  flow f i e l d  

e A b i l i t y  t o  r ep resen t  key physical  and chemical p rocesses  

e Cost and time frame f o r  applying,  v e r i f y i n g ,  and using the model 
as a p r e d i c t i v e  t o o l  

e Required knowledge and experience of the model u s e r .  

Boutwell (1984) p r e s e n t s  a methodology designed t o  h e l p  determine:  
( 1 )  whether modeling should be considered;  ( 2 )  i f  s o ,  what type i s  the  most 
a p p r o p r i a t e ;  and ( 3 )  t he  s p e c i f i c  c a p a b i l i t i e s  t h a t  t he  model(s) should have. 
Thomas, Ross, and Mercer (1982) d i s c u s s  the  s e l e c t i o n  and use of models in 
r e p o s i t o r y  s i t i n g  s t u d i e s ,  and U.S. EPA ( 1 9 8 3 ~ )  provides  guidance on 
the  s e l e c t i o n  of models f o r  exposure assessment.  
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In  s e l e c t i n g  and applying models, i t  i s  important t o  remember t h a t  a 
model i s  an a r t i f i c i a l  r e p r e s e n t a t i o n  of a phys ica l  system and i s  only an 
a l t e r n a t i v e  way of c h a r a c t e r i z i n g  and a s s e s s i n g  a s i t e .  A model cannot 
r e p l a c e  f i e l d  d a t a ,  nor can i t  be more a c c u r a t e  than the  a v a i l a b l e  s i t e  d a t a .  

Model s e l e c t i o n  should be addressed e a r l y  i n  the  R I  p lanning.  Models 
have s p e c i f i c  information needs t h a t  must be s a t i s f i e d ;  otherwise t h e i r  
r e s u l t s  may be meaningless .  I f  t he  s p e c i f i c  information needed r e q u i r e s  the  
c o l l e c t i o n  of  samples,  such information should be included i n  the  sampling 
p l a n .  

The g o a l s  of t h e  s i t e  c h a r a c t e r i z a t i o n  are t o  s p e c i f y ,  at  l e a s t  roughly,  
t h e  c u r r e n t  e x t e n t  of  contaminat ion and t o  e s t i m a t e  the  t r a v e l  t i m e  t o  and 
approximate chemical c o n c e n t r a t i o n s  a t  exposure s i tes .  While f i e l d  d a t a  
g e n e r a l l y  b e s t  d e f i n e  t h e  e x t e n t  of  contaminat ion,  models can i n t e r p o l a t e  
among and e x t r a p o l a t e  from i s o l a t e d  f i e l d  samples and i n t e r p r e t  f i e l d  d a t a  so 
as t o  c r e a t e  a more d e t a i l e d  d e s c r i p t i o n .  Models can a id  the  d a t a  r educ t ion  
p rocess  by providing t h e  u s e r  with a s t r u c t u r e  f o r  o rgan iz ing  and manipulat ing 
f i e l d  d a t a .  

Use of models r e q u i r e s  special  e x p e r t i s e .  Time and experience a r e  
needed t o  s e l e c t  t he  a p p r o p r i a t e  code and subsequent c a l i b r a t i o n .  I f  t h e s e  
r e sources  a r e  not' a v a i l a b l e ,  modeling should not be at tempted.  Models a r e  
used i n  con junc t ion  wi th  s c i e n t i f i c  and engineer ing judgment; they a r e  an . a i d  
t o ,  no t  a s u r r o g a t e  f o r ,  a s k i l l e d  a n a l y s t .  

7.3 .2  Assessment Procedures  

Data c o l l e c t e d  from va r ious  i n v e s t i g a t i o n  a c t i v i t i e s  must be evaluated 
and a s ses sed .  The purposes of  t hese  assessments a r e  t o  determine whether t h e  
d a t a  c o l l e c t e d  meet t h e  o b j e c t i v e s  and t o  p re sen t  d a t a  and i n t e r p r e t a t i o n s  i n  
formats u s e f u l  f o r  making d e c i s i o n s  about subsequent work d u r i n g  t h e  
f eas i b  il i t  y s tudy  . 

7 . 3 . 2 . 1  Contamination Assessment 

The contaminat ion assessment ,  a nec.essary i n i t i a l  p a r t  of pub l i c  h e a l t h  
and environmental  assessments ,  determines t h e  s e v e r i t y  of hazards  by 
cons ide r ing  the  q u a n t i t i e s  and types  of  contaminants a t  and around the  s i t e  
and t r a n s p o r t  mechanisms t h a t  a r e  a l lowing or  may al low m i g r a t i o n  of contam- 
i n a n t s  from t h e  s i t e .  The q u a n t i t i e s ,  t y p e s ,  forms, and concen t r a t ions  of  
contaminants at  a s i t e  and i n  surrounding environmental media should be 
desc r ibed .  A q u a n t i t a t i v e  e v a l u a t i o n  of observed and p o t e n t i a l  mig ra t ion  .of 
contaminants should be provided. The contamination d a t a  and assessment 
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... 

provide input  t o  two ques t ions  t h a t  should he answered as e a r l y  a s  p o s s i b l e  i n  
the f e a s i b i l i t y  study o r  as p a r t  of t he  R I :  

a Are t h e r e  hazardous s u b s t a n c e s . a t  a s i t e  of such types and i n  such 
q u a n t i t i e s  t h a t  a remedial  a c t i o n  o r  f u r t h e r  s tudy  is  warranted? 

a Are hazardous substances mig ra t ing  o r  i s  t h e r e  s i g n i f i c a n t  p o t e n t i a l  
f o r  them t o  m i g r a t e  through environmental  pathways i n  such magnitude 
o r  a t  such a r a t e  t h a t  a remedial  a c t i o n  o r  f u r t h e r  s tudy i s  r equ i r ed?  

The assessment c o n s i s t s  of a succ inc t  p r e s e n t a t i o n  and a n a l y s i s  o f  t h e  
source 

a 

a 

a 

a 

a 

and pathways d a t a  t h a t  have been c o l l e c t e d ,  i nc lud ing :  

A d e s c r i p t i o n  of  t h e  environmental  s e t t i n g  a t  a s i t e ,  i nc lud ing  
important geo log ic ,  hydro log ic ,  and atmospheric d a t a  and determina- 
t i o n s .  These d a t a  should be presented i n  t h e  form of contour  maps 
i l l u s t r a t i n g  important f e a t u r e s '  of p o t e n t i a l  mig ra t ion  pathways and 
o t h e r  information of  use f o r  e v a l u a t i n g  remedial  a l t e r n a t i v e s .  

A d e s c r i p t i o n  of t h e  hazardous substances found, including t y p e s ,  
q u a n t i t i e s ,  forms, and degrees  of  containment.  Appropriate  r e g u l a t o r y  
s t anda rds  o r  c r i t e r i a  and a n a l y t i c a l  d e t e c t i o n  l i m i t s  should a l s o  be 
desc r ibed .  

A d e s c r i p t i o n  of contaminant c o n c e n t r a t i o n  l e v e l s  found i n  environ- 
mental  media at  and near  t h e  s i t e .  Concentrat ion contour maps should 
be  provided i n  a format d i r e c t l y  comparable with t h e  pathways d a t a .  

A sumnary of  f ind ings  most r e l e v a n t  t o  t h e  o b j e c t i v e s  of  s i t e  char- 
a c t e r i z a t i o n  and t o  the  e v a l u a t i o n  of remedial  a c t i o n  a l t e r n a t i v e s .  

Supporting appendices of  a l l  d a t a .  

7 . 3 . 2 . 2  Public  Heal th  Assessment 

The publ ic  h e a l t h  assessment is  conducted du r ing  the  f e a s i b i l i t y  s tudy ;  
however, t he  remedial  i n v e s t i g a t i o n  must provide d a t a  f o r  t he  assessment .  
Broadly speaking, t he  d a t a  should be adequate t o  answer four  b a s i c  q u e s t i o n s  
regarding the e v a l u a t i o n  of human populat ion exposure and r i s k  a s s o c i a t e d  with 
hazardous waste s i tes :  

a 

a What are the s i z e  and d i s t r i b u t i o n  of p o t e n t i a l l y  exposed popu la t ions?  

To what chemicals are popu la t iqns  p o t e n t i a l l y  exposed? 
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e What i s  t h e  concen t r a t ion  of  each chemical t o  which populat ions a r e  
exposed? 

e How does exposure occur? 

These ques t ions  can be addressed by ana lyses  of the type and amount of chemi- 
c a l s  r e l e a s e d  f rom t h e  s i t e ,  the environmental  f a t e  of chemicals mig ra t ing  
from the  s i t e ,  and the  p o i n t s  a t  which human popu la t ions  a r e  l i k e l y  t o  con tac t  
contaminants i n  environmental  media. The assessment i t s e l f  can be q u a l i t a t i v e  
o r  q u a n t i t a t i v e ,  depending on t h e  a v a i l a b i l i t y  of r equ i r ed  d a t a ,  the depth of 
a n a l y s i s  r e q u i r e d ,  and the  n a t u r e  of  t h e  problem. 

Q u a l i t a t i v e  human popu la t ion  exposure ana lyses  can be based on e x i s t i n g  
information.  The one except ion t o  t h i s  i s  t h e  e v a l u a t i o n  of  t he  release 
p o t e n t i a l  of s e l e c t e d  contaminants of  concern.  Because r e l e a s e  depends 
l a r g e l y  on the  physical /chemical  p r o p e r t i e s  of  a subs t ance ,  chemical-specif ic  
d a t a  addres s ing  v o l a t i l i t y ,  s o l u b i l i t y  i n  wa te r ,  and adso rp t ion  p o t e n t i a l  must 
be ob ta ined .  

The goa l  of a q u a l i t a t i v e  a n a l y s i s  i s  not t o  q u a n t i f y  t h e  e x t e n t  of human 
exposure and a s s o c i a t e d  r i s k  b u t  (1 )  t o  understand how the  chemicals mig ra t e  
from the  s i t e  and reach p o i n t s  of c o n t a c t  with l o c a l  popu la t ions ,  and ( 2 )  t o  
d e f i n e  t h e  p o t e n t i a l l y  exposed popu la t ions  i n  g e n e r a l  terms. 

To e v a l u a t e  p o t e n t i a l  human exposure,  i t  i s  important t o  cons ide r  t he  
amounts o f  c h a n i c a l s  p re sen t  and t h e  manner of  t h e i r  placement a t  t he  s i t e  
( e . g . ,  bu r i ed  i n  drums, s p i l l e d  i n  lagoons) .  The p o t e n t i a l  f o r  r e l e a s e  of 
each contaminant of  concern from each on - s i t e  source t o  v a r i o u s  environmental  
media must be eva lua ted  s e p a r a t e l y .  Table 7-1 summarizes p e r t i n e n t  r e l e a s e  
sources  f o r  which d a t a  should be obtained and eva lua ted  i n  a q u a l i t a t i v e  
assessment .  

Following assessment of t h e  r e l e a s e  of hazardous substances from t he  
s i t e ,  t he  p o t e n t i a l  f o r  m i g r a t i o n  of  t h e s e  substances i n  each environmental  
media beyond s i t e  boundaries  is considered.  I f  a v a i l a b l e ,  environmental  
monitor ing r e s u l t s  can provide a d i r e c t  measure of  m i g r a t i o n  p o t e n t i a l .  
A l t e r n a t i v e l y ,  a q u a l i t a t i v e  f a t e  e v a l u a t i o n  may be done using d a t a  on the  
physical /chemical  p r o p e r t i e s  of  each t a r g e t  substance and p e r t i n e n t  s i t e  and 
b i o l o g i c  parameters. 

A f t e r  t h e  environmental  f a t e  a n a l y s i s  has  determined t h e  gene ra l  loca- 
t i o n s  of p o t e n t i a l l y  contaminated media ( o r  t h e  monitor ing d a t a  have iden- 
t i f i e d  a c t u a l l y  contaminated media) ,  exposed-population a n a l y s i s  i s  conducted 
t o  determine which populat ions are l i k e l y  t o  be  exposed through con tac t  with 
t h e s e  media. Human populat ion information r equ i r ed  f o r  t h i s  a n a l y s i s  is very 
g e n e r a l ,  a l though it  must i nc lude  a l l  p o t e n t i a l  p o i n t s  of  exposure.  In t e -  
g r a t e d  exposure a n a l y s i s  combines v a r i o u s  medium-specific exposures ( e . g . ,  
v i a  food, i n h a l a t i o n )  t o  assess o v e r a l l  exposure t o  contaminants mig ra t ing  
from the  s i te .  

. 
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I f  r e l e v a n t  epidemiological  d a t a  a r e  a v a i l a b l e  , they can provide v a l u a b l e  
evidence of t he  a c t u a l  t y p e  and s e v e r i t y  of h e a l t h  r i s k  posed by the  s i t e .  
However, c a r e  m u s t  be taken i n  i n t e r p r e t i n g  epidemiological  d a t a  when a s i t e  
is loca ted  near o t h e r  sources  of t he  same contaminants ( o r  o t h e r  contaminants 
with s i m i l a r  h e a l t h  e f f e c t s ) .  It may be d i f f i c u l t  o r  impossible t o  determine 
the  cause of observed h e a l t h  e f f e c t s  i n  these  s i t u a t i o n s .  

In  a q u a n t i t a t i v e  approach t o  pub l i c  h e a l t h  assessment ,  t he  support ing 
d a t a  must be adequate t o  p e r m i t  q u a n t i t a t i v e  e s t i m a t e s  of  hazardous subs t ance  
release, ambient concen t r a t ions  i n  environmental  media beyond s i t e  boundaries  , 
and populat ion exposure.  The o b j e c t i v e s  of t h i s  a n a l y s i s  are two-fold: 
(1) t o  gene ra t e  a most probable c a s e ,  c o n s e r v a t i v e  q u a n t i f i c a t i o n  of m a x i m u m  
and average exposure a t  a l l  i d e n t i f i e d  human exposure p o i n t s  of p o t e n t i a l  
s i g n i f i c a n c e ,  and ( 2 )  t o  c a l c u l a t e  t he  r educ t ion  i n  popu la t ion  exposures 
ach ievab le  by v a r i o u s  remedial  t echno log ie s .  Meeting t h i s  second o b j e c t i v e  
s u p p l i e s  t he  human-exposure-related inpu t  t o  t h e  sc reen ing  of remedial  
technologies  and developnent of  a l t e r n a t i v e s .  Although the q u a n t i t a t i v e  
approach is more d e t a i l e d  than the  q u a l i t a t i v e ,  it is s t i l l  p r i m a r i l y  designed 
t o  g e n e r a t e  e s t ima tes .  Guidance on when t o  use q u a l i t a t i v e  and q u a n t i t a t i v e  
a n a l y s i s  i s  included i n  the  pub l i c  h e a l t h  e v a l u a t i o n s  chap te r  i n  t h e  
f e a s i b i l i t y  s tudy guidance. 

It may be necessa ry  t o  support  assessments by acqu i r ing  a d d i t i o n a l  d a t a  
on s p e c i f i c  contaminant sources  v i a  a more t a r g e t e d  s i t e  inventory ( f i e l d  
measurements o r  source monitor ing) .  Also , because r i s k  a n a l y s i s  f o r  pub l i c  
h e a l t h  addresses  both ch ron ic  and subchronic r i s k ,  t h e s e  d a t a  must be 
s u f f i c i e n t  t o  a l low gene ra t ion  of an average (averaged over an assumed 70-year 
l i f e t i m e )  and a maximum ( u s u a l l y  7 days) r e l e a s e  estimate ( U . S .  EPA, 1985b). 
Addit ional  f i e l d  monitoring may be necessary t o  q u a n t i f y  environmental  
concen t r a t ions  of  the contaminants.  

Environmental s t anda rds  o r  c r i t e r i a  t h a t  p e r t a i n  t o  t h e  contaminants 
should be reviewed. When a v a i l a b l e ,  t hese  are compared with contaminant 
concen t r a t ions  i n  environmental media t o  i n d i c a t e  t h e  e x t e n t  of r i s k  when 
humans cane i n t o  con tac t  with these  environmental  c o n c e n t r a t i o n s .  Sources o f  
such information include EPA CASR and computerized information f o r  Dialog 
F i l e ,  Chemical Regulat ions Guidel ines  System, and the  Bureau of Nat ional  
A f f a i r s '  (BNA) Chemlaw ( s e e  OTS Information A r c h i t e c t u r e  Handbook). 

7 . 3 . 2 . 3  Environmental Assessment 

The environmental assessment , l i k e  the  pub l i c  h e a l t h  assessment , is 
conducted du r ing  the  f e a s i b i l i t y  study. The remedial  i n v e s t i g a t i o n  must 
provide d a t a  t o  conduct an e v a l u a t i o n  of t he  e f f e c t s  on t h e  environment a t  o r  
near a hazardous waste s i t e .  S imi l a r  t o  t h e  pub l i c  h e a l t h  assessment ,  t h e  
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environmental  assessment should answer four  q u e s t i o n s  (U. S. EPA, 1983d; U.S. 
EPA, 1 9 8 3 ~ ) :  

a What chemicals have been o r  might be r e l eased  t o  the environment? 

a What are t h e  c o n c e n t r a t i o n s  and exposure l e v e l s  of t hese  chemicals? 

a How does t h e  environmental  exposure occur? 

a What is  t h e  s i g n i f i c a n c e ?  

The environmental  assessment ,  conducted i n  t h e  f e a s i b i l i t y  s tudy ,  may 
r e q u i r e  d a t a  t o  c a n p l e t e  the  f i v e  a n a l y t i c a l  s t e p s  shown i n  Figure 7-2: 

0 Charac te r i ze  source 

a Determine f a t e  

a I d e n t i f y  popu la t ions  a t  r i s k  

a C a l c u l a t e  dose 

a Assess impacts.  

Q u a n t i f i c a t i o n  of  t he  source of release is a s i t e  c h a r a c t e r i z a t i o n  t a s k  
t h a t  is common t o  a l l  t h e  exposure assessments i n  the  remedial  i n v e s t i g a t i o n .  
The chemical and phys ica l  p r o p e r t i e s  of t he  source and a d d i t i o n a l  s i t e  
c h a r a c t e r i s t i c s  t h a t  a f f e c t  t h e  environmental  f a t e  of  the source must be known 
t o  complete the environmental  assessment .  

The f a t e  of t he  contaminants i n  the  environment is  c r i t i c a l  t o  t h e  
conc lus ions  of  t he  environmental  assessment.  It i s  important t o  know where 
contaminants can e n t e r  t he  environment and what environmental  media ( w a t e r ,  
a i r ,  s o i l )  w i l l  r e c e i v e  o r  t r ansmi t  t h e  contaminants (pathways).  It i s  a l s o  
important t o . i d e n t i f y  those contaminants t h a t  w i l l  be transformed. Speci- 
f i c a l l y ,  t h e  a s s e s s o r  should determine which chemicals w i l l  be found i n  a r e a s  
on o r  near t he  s i t e  t h a t  are used by p l a n t s  and animals.  

I n  a r e l a t e d  s t e p ,  i t  is  necessa ry  t o  i d e n t i f y  the  p l a n t  and animal 
popu la t ions  t h a t  w i l l  be i n  d i r e c t  o r  i n d i r e c t  con tac t  with the  chemicals .  
Because e x t e n s i v e  p l a n t  and animal populat ion surveys can be expensive,  d a t a  
c o l l e c t i o n  c r i t e r i a  should be e s t a b l i s h e d  t o  ensure the most c o s t - e f f e c t i v e  
survey. Of p a r t i c u l a r  importance are threatened o r  endangered s p e c i e s ,  
species t h a t  are consumed by m a n ,  s p e c i e s  i n  t h e  food cha in  up t o  humans, or  
s p e c i e s  of l o c a l  o r  r e g i o n a l  importance. This information may a l s o  be 
important t o  t h e  assessment of human h e a l t h  exposure,  so d a t a  c o l l e c t i o n  
should be designed t o  f u l f i l l  both needs.  

Before t h e  environmental  assessments can be completed, t h e  dose t o  
important environmental  popu la t ions  should be c a l c u l a t e d .  Dose c a l c u l a t i o n s  
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Figure 7-2. Supportive Information for Environmental Assessment 
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should cons ide r  environmental  c o n c e n t r a t i o n s  and the  p o t e n t i a l  d u r a t i o n  of the 
exposure.  This  t a s k  p a r a l l e l s  t he  dose c a l c u l a t i o n  a n a l y s i s  t h a t  i s  necessary 
f o r  t h e  pub l i c  h e a l t h  assessment .  For cons i s t ency ,  s i m i l a r  dose de t e rmina t ion  
techniques or  methods should be a p p l i e d .  

Based on the  environmental  populat ion s t u d i e s ,  it should be p o s s i b l e  t o  
focus the d e t a i l e d  a n a l y s i s  of impact on p o t e n t i a l l y  a f f e c t e d  s p e c i e s .  U l t i -  
mately,  i t  may be necessai ;  t o  c o l l e c t  d e t a i l e d  , information about a populat ion 
or  s p e c i e s .  L i f e  h i s t o r y  d a t a  (b reed ing ,  spawning, or  f lowering seasons;  
mig ra t ion  and d i s p e r s i o n  p a t t e r n s ;  and feeding and n u t r i e n t  requirements)  may 
be needed t o  d e f i n e  f u r t h e r  t he  popu la t ions  ( P o r c e l l a ,  1983) .  

The c a l c u l a t i o n s  of dose may r e q u i r e  a d d i t i o n a l  environmental  d e t a i l s .  
The s p e c i e s  t o l e r a n c e s  t o  the chemical(s)  i n  the environment should be 
determined,  which may r e q u i r e  b i o a s s a y s ,  microtox a n a l y s i s ,  and d e t a i l e d  
b i o l o g i c a l  sampling of t he  s i t e  environment. I n  a d d i t i o n ,  responses  t o  
p o t e n t i a l  deg rada t ion  products  may a l s o  need t o  be addressed.  These d e t a i l e d  
and complex procedures i l l u s t r a t e  t he  p o t e n t i a l  e x t e n t  of  an environmental  
assessment .  

Guidance on performing environmental  assessments  is d i scussed  i n  chap te r  
6 of the  f e a s i b i l i t y  s tudy guidance.  

7.4 PROGRAMMATIC FACTORS AFFECTING SITE CHARACTERIZATION ACTIVITIES 

Seve ra l  c o n s t r a i n t s  on s i t e  c h a r a c t e r i z a t i o n  in f luence  the  way i n  which 
the  program i s  conducted. These include connect ions with p o t e n t i a l  enforce- 
ment a c t i o n s  under CERCLA, t he  d e s i r e  t o  minimize program c o s t s  w i t h i n  t h e  
"necessary and s u f f i c i e n t "  phi losophy,  t he  n e c e s s i t y  of ensuring d a t a  q u a l i t y ,  
and t iming and schedul ing concerns.  

7.4.1 Responsible P a r t y  Act ions 

The U.S. EPA has  e s t a b l i s h e d  t h e  po l i cy  of g iv ing  r e spons ib l e  p a r t i e s  t he  
oppor tun i ty  t o  conduct s i t e  c h a r a c t e r i z a t i o n ,  a s  w e l l  a s  remedial  response 
a c t i v i t i e s ,  under the NCP, subpart  F, s e c t i o n s  300.68(c) and 300 .68 ( f ) ,  
according t o  approved p l ans  f o r  remedial  investigations/feasibility s t u d i e s .  
Because s i t e  c h a r a c t e r i z a t i o n  a c t i v i t i e s  can be scoped ( s e e  chap te r  21, 
planned, and conducted by the  r e spons ib l e  p a r t i e s ,  t h e r e  i s  an obvious need 
f o r  adequate s u p e r v i s i o n  and f o r  a system of proven document c o n t r o l  ( s e e  
c h a p t e r  4 ) .  

. 
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Any previous,  concur ren t ,  o r  subsequent i n v e s t i g a t i o n s  and d a t a  provided 
by p o t e n t i a l  r e s p o n s i b l e  p a r t i e s  should be s c r u t i n i z e d  c l o s e l y  i n  fo rmula t ing  
s i t e  c h a r a c t e r i z a t i o n  s t u d i e s .  Questions t o  ask i n  screening such in fo rma t ion  
include : 

e Is documentation adequate f o r  e v i d e n t i a r y  purposes? 

e Were q u a l i t y  a s s u r a n c e l q u a l i t y  c o n t r o l  procedures e s t a b l i s h e d  and 
im p l  eme n t ed ? 

e Were s t anda rd  d a t a  c o l l e c t i o n  and assessment methodologies used? 

a Were the  s i t e  c h a r a c t e r i z a t i o n  e f f o r t s  o b j e c t i v e ?  

D e f i c i e n c i e s  t h a t  exist i n  t h e  information supp l i ed  by r e s p o n s i b l e  
p a r t i e s  should be considered when planning subsequent s i t e  a c t i v i t i e s .  

7.4.2 Documentat ion and Recordkeeping 

S t r i n g e n t  demands f o r  proper documentation and recordkeeping e x i s t  
throughout t he  remedial  i n v e s t i g a t i o n  ( s e e  chap te r  4). These requirements  a r e  
most important d u r i n g  s i t e  c h a r a c t e r i z a t i o n  because these  a c t i v i t i e s  g e n e r a t e  
t h e  b a s i c  d a t a  used i n  making a l l  subsequent d e c i s i o n s .  E s t a b l i s h i n g ,  main- 
t a i n i n g ,  and safeguarding d a t a  and r eco rds  according t o  the p r i n c i p l e s  d i s -  
cussed i n  chap te r  4 should be an i n t e g r a l  p a r t  of t he  s i t e  c h a r a c t e r i z a t i o n  
process .  These procedures inc lude  e s t a b l i s h i n g  document c o n t r o l  with p a r t i c -  
u l a r  emphasis on enforcement-sensi t ive m a t e r i a l s .  

7.4.3 Timing and Scheduling Concerns 

The t iming and schedul ing requirements  of s i t e  c h a r a c t e r i z a t i o n  a c t i v i -  
t ies  a r e  important .  Inpu t s  and o u t p u t s  of  the v a r i o u s  c h a r a c t e r i z a t i o n  
a c t i v i t i e s  are connected t o  o t h e r  i n v e s t i g a t i v e  a c t i v i t i e s  w i t h i n  t h e  o v e r a l l  
remedial  investigationlfeasibility study t i m e l i n e .  I n  a d d i t i o n  t o  t h e  o v e r a l l  
need t o  conduct t h e  remedial  i n v e s t i g a t i o n  qu ick ly  and e f f i c i e n t l y  and 
proceed, i f  necessary,  with response a c t i o n s ,  such i n t e r c o n n e c t i o n s  must be 
considered during the  s i t e  c h a r a c t e r i z a t i o n  planning process .  The time 
required f o r  each a c t i v i t y  ( e . g . ,  d a t a  c o l l e c t i o n ,  assessment ,  documentation) 
v a r i e s  according t o  t h e  l e v e l  of r e s o l u t i o n  r equ i r ed  and a l s o  depends on 
e x t e r n a l  f a c t o r s  such a s  weather ,  funding mechanisms, t h e  s i t e  p r i o r i t y ,  and 
the  s t a t u s  of any l e g a l  a c t i o n .  Probable schedules  f o r  each s i t e  a c t i v i t y  a r e  
e s t a b l i s h e d  d u r i n g  the scoping e x e r c i s e s  ( c h a p t e r  2 )  and must be re-evaluated 
once s i t e  c h a r a c t e r i z a t i o n  begins .  I f  adjustments  t o  the  o v e r a l l  remedial  
i n v e s t i g a t i o n 1  f e a s i b i l i t y  s tudy a r e  r e q u i r e d ,  they m u s t  be coordinated with 
a l l  p a r t i e s  concerned. 
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CHAPTER 8 

BENCH AND PILOT STUDIES 

8.1 INTRODUCTION 

Bench and p i l o t  s t u d i e s  may be needed t o  ob ta in  enough d a t a  t o  s e l e c t  and 
implement a remedial ac t ion  a l t e r n a t i v e .  J u s t i f i c a t i o n  f o r  these s t u d i e s  i s  
found i n  sec t ion  300.68 of the National Contingency Plan (NCP). 
addresses ways bench and p i l o t  s t u d i e s  are used i n  remedial  i n v e s t i g a t i o n s  and 
p resen t s  guidance f o r :  

This chapter  

Determining the  need f o r  bench and p i l o t  s t u d i e s  based on the 
s it elwas te'  charac t e r i s  t i c s  or technology 

Developing a test plan by de f in ing  the goa l s  and l e v e l  of study 
needed 

I n t e r p r e t i n g  and applying d a t a  developed during the  s tudy.  

Hazardous waste s i te  remediation programs have challenged technologies  
i n  two p r inc ipa l  ways. F i r s t ,  both t r a d i t i o n a l  and emerging technologies  from 
many d i f f e r e n t  d i s c i p l i n e s  a r e  being appl ied on an acce le ra t ed  and o f t e n  
overlapping b a s i s  Technologies from the  m a t e r i a l s  and s o i l s  science f i e l d s ,  
c r i t i c a l  t o  the containment s t r a t e g i e s  being used, evolved i n  r e l a t i v e l y  c l ean  
environments. As a r e s u l t ,  t h e r e  i s  l i t t l e  information about technology per- 
formance in  a contaminated environment ( i . e . ,  how a s y n t h e t i c  or c l a y  l i n e r  
w i l l  behave a t  a waste s i t e ) .  Second, t he  treatment technologies  developed 
fo r  i n d u s t r i a l  wastes depend on an aqueous environment t o  f a c i l i t a t e  t h e  
t r a n s f e r  and conversion of p o l l u t a n t s  and removal of byproducts.  In the 
t y p i c a l  remedial problem, mass t r a n s f e r  i s  usua l ly  a c r i t i c a l  or  r a t e  l i m i t i n g  
f a c t o r .  

Almost without except ion,  t he  following cond i t ions  w i l l  apply i n  a 
hazardous s i t e  remediation p r o j e c t :  

The physical  matr ix  i n  which a technology must work i s  hetero- 
geneous; t h a t  i s ,  s o l i d ,  sLurry,  aqueous, o r  gaseous environments can 
e x i s t  a l l  wi thin a given s e t t i n g .  
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0 The hazardous c o n s t i t u e n t s  a r e  ( u s u a l l y )  as  heterogeneous a s  t he  
matrix. 

Y 

As a r e s u l t  of these circumstances,  the t r a n s f e r a b i l i t y  of a technology 
i s  l imi t ed  not only by the d i s c i p l i n e  or sc i ence  i n  which the  technology 
o r i g i n a t e d  but a l s o  from one hazardous waste s i t e  t o  the next .  A l l  too o f t e n  
the  limits of technology t r a n s f e r a b i l i t y  have been ignored or inadequately 
considered,  and the p e n a l t i e s  have been expensive; l i n e r  f a i l u r e s ,  i n e f f e c t i v e  
treatment systems, and underground gas  mig ra t ion  a r e  frequent examples .  Bench 
and p i l o t  s t u d i e s  a r e  a l t e r n a t i v e s  t o  haphazard t r a n s f e r  of technology from 
one a p p l i c a t i o n  t o  another (with a t t endan t  r i s k s  of  t ime, d o l l a r ,  and resource 
l o s s e s ) .  

8 . 2  OVERVIEW OF BENCH AND PILOT STUDIES 

As shown i n  Figures 1-2 and 8-1 (RI/FS process  diagrams),  bench and p i l o t  
s t u d i e s ,  i f  needed t o  support  remedial a l t e r n a t i v e s  developaent and f e a s i -  
b i l i t y  ana lyses ,  a r e  conducted as p a r t  of t he  remedial i n v e s t i g a t i o n  t a s k  
sequence. 
and c o n s t r u c t i o n  of t he  s e l e c t e d  a l t e r n a t i v e  and are o u t s i d e  the scope of 
RI/FS a c t i v i t i e s .  
remedial i n v e s t i g a t i o n  s t a g e ,  while p i l o t - s c a l e  s t u d i e s ,  i f  r equ i r ed ,  may be 
conducted du r ing  the f i n a l  design.  
during the  R I  i s  gene ra l ly  l imi t ed  t o  t r e a t a b i l i t y  and m a t e r i a l s  t e s t i n g  
a c t i v i t i e s  t o  he lp  i d e n t i f y ,  s c reen ,  and eva lua te  FS a l t e r n a t i v e s .  

However, bench and p i l o t  s t u d i e s  may a l s o  be conducted f o r  des ign  

In  gene ra l ,  bench-scale s t u d i e s  a r e  appropriate  f o r  the 

The scope of bench and p i l o t  a c t i v i t i e s  

During the  i n i t i a l  t a s k s  of the FS, t reatment  a l t e r n a t i v e s  a r e  developed 
and then screened l a t e r  i n  the  process.  Information from these  t a sks  and the  
a n a l y s i s  of information from t h e  s i te  i n v e s t i g a t i o n  a r e  used t o  i d e n t i f y  
information gaps and t o  e s t a b l i s h  the need f o r  bench and p i l o t  s tud ie s .  
a p p r o p r i a t e  experimental  plan is then developed and documented in a Statement 
of Work ( S O W ) .  The r e s u l t s  a r e  used i n  t h e  t e c h n i c a l  a n a l y s i s  f o r  screening 
and analyzing remedial a l t e r n a t i v e s  i n  the f e a s i b i l i t y  s tudy a s  well as 
developing the  design fo r  t he  s e l e c t e d  a l t e r n a t i v e .  

An 

8 . 2 . 1  Difference between Bench and P i l o t  S t u d i e s  

Bench s t u d i e s  d i f f e r  f r a n  p i l o t  s t u d i e s  i n  purpose, s i z e ,  c o s t ,  appl ica-  
t i o n ,  and o t h e r  f a c t o r s ,  which a r e  summarized i n  Table 8-1. Their purpose is  
t o  determine the  f e a s i b i l i t y  of  an a p p l i c a t i o n  Over the range of condi t ions 
expected.  Bench-scale s t u d i e s  are f l e x i b l e  i n  t h a t  a wide range of v a r i a b l e s  
can be evaluated i n  determining the  performance c a p a b i l i t i e s  and l i m i t a t i o n s  
of a technology. 

P i l o t  s t u d i e s  may be used i n  the R I  t o  guide the s e l e c t i o n  of an 
a l t e r n a t i v e  when the choice cannot be made from bench-scale d a t a ,  or they may 
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Figure 8-1. Bench/Pilot Study Logic Diagram 
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TABLE 8-1. BENCH AND PILOT STUDY PARAMETERS 

Parameter Bench P i l o t  

Pur pose Define process  k i n e t i c s  , Define design and o p e r a t i o n  
m a t e r i a l  c o m p a t i b i l i t y  , c r i t e r i a  , m a t e r i a l s  of 
impact of environmental f a c t o r s  , c o n s t r u c t i o n  , ease of 
types and doses of chemicals,  material  handl ing and 
a c t i v e  mechanisms , etc .  c o n s t r u c t i o n ,  e t c .  

S i z e  Laboratory o r  bench t o p  1-100% of  f u l l - s c a l e  

Q) Quanti ty  of  Waste and 
* I M a t e r i a l s  Required Limited amounts 

Number of Variables  That 
Can Be  Considered . Many 

Large amounts 

Few 

T i m e  Requirement 8 Days t o  months Months t o  y e a r s  

Typical Cost Range 0.5-2% of  c a p i t a l  c o s t s  2-5% o f  c a p i t a l  c o s t s  

Most Frequent Locat ion Laboratory On-site 

Limit ing Considerat ions Wall and boundary e f f e c t s ;  Limited number of v a r i a b l e s ;  
volume e f f e c t s ;  s o l i d s  waste volume requ i r ed ;  s a f e t y  , 
processing d i f f i c u l t  t o  h e a l t h ,  and o t h e r  r i s k s  
s imula t e  
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be used o u t s i d e  the RI/FS process  t o  d e f i n e  t h e  d e s i g n  and o p e r a t i n g  c r i t e r i a  
and s p e c i f i c  f e a t u r e s  of a s e l e c t e d  a l t e r n a t i v e .  P i l o t  s t u d i e s  are a l s o  
use fu l  i n  determining t h e  s t a b i l i t y  of  a process  or  m a t e r i a l  i n  an a p p l i c a t i o n  
and a r e  aimed a t  d e l i n e a t i n g  s p e c i f i c  design and ope ra t ing  c r i t e r i a .  These 
s t u d i e s  a r e  much l a r g e r  than bench s t u d i e s  i n  s c a l e ,  c o s t ,  t i m e ,  and waste 
volume requ i r ed .  

8.2.2 Approach 

The s p e c i f i c  need f o r  bench and p i l o t  s t u d i e s  may be i d e n t i f i e d  du r ing  
the RI/FS process  o r  du r ing  remedial  a l t e r n a t i v e  des ign .  The need i s  de f ined  
from an assessment of what is known and what i s  r equ i r ed  t o  e s t a b l i s h  the  
f e a s i b i l i t y  of applying a technology. The l e v e l  of  development of  t h e  tech- 
nology should be considered (has  t h e  p rocess ,  technique o r  material  been 
s tud ied  o r  used p rev ious ly ,  and i f  so with what r e s u l t s ? ) .  The c h a r a c t e r i s -  
t i c s  of t he  l i q u i d ,  s l u r r y ,  o r  s o l i d  wastes and the s i t e  i t s e l f  should be 
f ac to red  i n t o  the  d e c i s i o n .  The c o s t  savings expected from minimizing t h e  
r i s k  of f a i l u r e  at  f u l l  s c a l e  should a l s o  be q u a n t i f i e d  and considered i n  t h e  
d e c i s i o n .  

The scope of 'bench and p i l o t  s t u d i e s  i s  a l s o  an i t e r a t i v e  process  t h a t  
progresses  through t h e  development o f  the FS and s e l e c t e d  remedial  a l t e r n a t i v e  
design and c o n s t r u c t i o n .  Bench and p i l o t  s t u d i e s  conducted i n  t h e  R I  may 
range from l i m i t e d  t r e a t a b i l i t y  (bench) s t u d i e s  t o  sc reen  gene ra l  technology 
types i n  t h e  FS, t o  p i l o t  s t u d i e s  t o  f u l l y  e v a l u a t e  p a r t i c u l a r  a l t e r n a t i v e s  t o  
the FS. I n  the  des ign  and c o n s t r u c t i o n  s t a g e s ,  f u l l  s c a l e  p i l o t  s t u d i e s  may 
a l s o  be conducted t o  determine des ign  and ope ra t ing  s t anda rds  f o r  t he  remedial  
a l t e r n a t i v e  s e l e c t e d  i n  the RI/FS process .  The EPA Remedial P r o j e c t  Manager 
must decide t h e  scope and phasing of bench and p i l o t  s t u d i e s .  

i 

A formal process  f o r  d e f i n i n g  and conducting t r e a t a b i l i t y  s t u d i e s  i s  
presented i n  the  l o g i c  diagram of Figure 8-1. The i n i t i a l  s t e p  c o n s i s t s  of 
spec i fy ing  the concept t o  the  e x t e n t  p o s s i b l e ,  using a v a i l a b l e  information on 
how t h e  process  o r  m a t e r i a l  works over  t h e  expected range of a p p l i c a t i o n  
cond i t ions  and the f a c t o r s  governing o r  l i m i t i n g  t h e  a p p l i c a t i o n .  This  
s p e c i f i c a t i o n  should be based .on a l i t e r a t u r e  review, vendor c o n t a c t s ,  and 
pas t  experience.  
g o a l s  of t he  s tudy and the  l e v e l  of e f f o r t  needed. Once t h e s e  f a c t o r s  a r e  
determined, a complete test  plan or  SOW i s  prepared,  which c o n t a i n s  a l l  
information needed t o  perform t h e  s tudy inc lud ing  d a t a  management and i n t e r -  
p r e t a t i o n  g u i d e l i n e s .  The t e s t s  a r e  then conducted, and t h e  r e s u l t s  a r e  
t e s t e d  f o r  r e l i a b i l i t y  and i n t e r p r e t e d .  Addit ional  t e s t i n g  may be needed 
a f t e r  the d a t a  a r e  i n t e r p r e t e d ,  n e c e s s i t a t i n g  r e e v a l u a t i o n  of  the SOW and 
a d d i t i o n a l  s tudy ,  p a r t i c u l a r l y  i f  t h e  a p p l i c a t i o n  i s  innovat ive.  

The next s t e p  c o n s i s t s  of  determining the type and s p e c i f i c  
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8 . 2 . 3  Example T e s t i n g  Programs 

Table 8-2 i l l u s t r a t e s  the  d i v e r s i t y  of a c t i v i t i e s  t h a t  may be r equ i r ed  t o  
s e l e c t  and apply a remedial technology. The examples of  bench and p i l o t  t e s t  
programs i l l u s t r a t e  the d i v e r s e  d i s c i p l i n e s  and sc i ences  r equ i r ed  t o  d e f i n e  
a p p l i c a t i o n  cond i t ions  f o r  t he  t echno log ie s  i d e n t i f i e d  i n  s e c t i o n  300.70 of  
t h e  NCP. 

8 . 2 . 4  Cost Cons ide ra t ions  

When dec id ing  the  type and e x t e n t  of s t u d i e s ,  c o s t  can be a l i m i t i n g  
f a c t o r .  P i l o t - s c a l e  s t u d i e s  are s i g n i f i c a n t l y  more expensive than bench-scale 
s t u d i e s ,  and continuous t e s t i n g  is  more expensive than ba tch  t e s t i n g .  As 
shown i n  Table 8-1, bench-scale t e s t i n g  may c o s t  0.5 t o  2 percent  o f  t h e  
c a p i t a l  c o s t  of an a l t e r n a t i v e ,  while p i l o t - s c a l e  s t u d i e s  may r e q u i r e  2 t o  
5 percent  of t he  c a p i t a l  c o s t .  However, i f  t h e  c a p i t a l  c o s t  is  low 
( e . g . ,  $100,000 or l e s s ) ,  t he  c o s t  f o r  p i l o t  t e s t i n g  W i l l  probably be g r e a t e r  
than 5 percent .  The re fo re ,  the c o s t  of an ex tens ive  t e s t i n g  e f f o r t  must be 
weighed c a r e f u l l y  i n  r e l a t i o n  t o  the  c o s t  of applying the technology. 

8 . 3  BENCH-SCALE STUDIES 

Once t h e  need for a bench-scale s tudy  is e s t a b l i s h e d ,  an experimental  
plan or Statement of Work must be developed. 
and t h e  necessa ry  l e v e l  of d e t a i l  should be c a r e f u l l y  d e f i n e d .  The f l e x i -  
b i l i t y  and l i m i t a t i o n s  of  bench-scale s t u d i e s  must a l s o  be considered i n  t h e  
p r e p a r a t i o n  of a t e s t  plan.  

The s p e c i f i c  s tudy o b j e c t i v e s  

8 . 3 . 1  Preplanning Information Needs 

C e r t a i n  information i s  r equ i r ed  be fo re  the  planning of a bench-scale 
s tudy.  A waste and s i t e  c h a r a c t e r i z a t i o n  m u s t  be completed, p re l imina ry  
remedial  t echno log ie s  i d e n t i f i e d ,  and then information on t h e  a l t e r n a t i v e s  
ob ta ined .  This information is then used t o  sc reen  the  a l t e r n a t i v e s  and t o  
a s c e r t a i n  i f  t h e  proposed a p p l i c a t i o n  is so d i f f e r e n t  from p r i o r  a p p l i c a t i o n s  
t h a t  process  f e a s i b i l i t y ,  e f f i c i e n c y ,  or m a t e r i a l  s t a b i l i t y  cannot be pre-  
d i c t e d .  I f  t h i s  i s  the  c a s e ,  bench or p i l o t  s t u d i e s  or both a r e  r equ i r ed  f o r  
t h e  t e c h n i c a l  a n a l y s i s  p o r t  ion of  t h e  sc reen ing  procedure.  
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TABLE 8-2. EXAMPLES OF BENCH AND PILOT SCALE TESTING PROGRAMS 

I -  

t 'd 

Remedial Technology Example Testing Programs 

A. A i r  Pol lut ion and Gas Migration 
Control 
1. Capping 
2 .  Dust Control 
3. Vapor Collect ion and Treat- 

ment (carbon adsorption) 

B. Surface Water Controls 
1. Capping 
2. Grading 
3. Revegetation 
4. Diversion and Collect ion 

C. Leachate and Ground-Water 
Controls 
1. Containment b a r r i e r s  ( s l u r r y  

wal l s ,  grout cu r t a ins ,  e t c . )  
2 .  Ground-water pumping (wel l  

po in ts ,  suct ion wells, e t c . )  
3. Subsurface co l l ec t ion  dra ins  
4. Permeable treatment beds 

5 .  Capping 
(l imestone, ac t iva ted  carbon) 

D. Direct  Waste Control 
1. Incinerat ion 
2 .  Solid i f  i c a t  ion 
3. Biological Treatment 

Activated sludge 
Facul ta t ive  lagoon8 
Trickl ing f i l t e r s  

Oxidation/ reduct ion 
P rec ip i t a t ion  
Neutral izat ion 
Ion exchange r e s ins  

4. Chemical Treatment 

Bench: Soi l  densi ty  and bearing 
capaci ty  vs .  moisture content 
curves for  proposed capping 
ma te r i a l s .  

P i l o t :  In-place s o i l  d e n s i t i e s ;  
determination of gas withdrawal 
r a t e s  t o  cont ro l  r e l eases .  

Bench: Column t e s t ing  of capping 
mater ia l  compat ibi l i ty  with wastes 
present .  

P i l o t :  In-place t e s t i n g  of geotex- 
t i l e s  for  control  of erosion i n  
grassed d ivers ion  d i t ches .  

Bench: Determination of b a s i c i t y  and 
headloss vs .  g ra in  s i z e  of lime- 
stone mater ia l s  for  a treatment 
bed. Determination of chemical 
compat ibi l i ty  of a compacted c lay  
with a leachate  stream. 

P i l o t :  In-place t e s t i n g  of a s o i l  
type and grain s i z e  spec i f i ca t ion  
and t i l e  dra in  configurat ion fo r  a 
subsurface c o l l e c t  ion dra in .  

Bench: Character izat ion of chemical 
and heat content of hazardous waste 
mixes; chemical, physical ,  and 
b io logica l  t r e a t a b i l i t y  s tud ie s  t o  
def ine  rate constants ,  minimal- 
maximal loading r a t e s  and r e t en t ion  
times, optimal pH and temperature, 
sludge generat ion r a t e s  and charac- 
t e r i s t i c s ,  and oxygen t r ans fe r  
c h a r a c t e r i s t i c s  ; chemical type and 
dose r a t e s ;  so l id s  f l u x  r a t e  v s .  
s o l i d s  concentration i n  sludge 

( continued 1 
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TABLE 8-2. ( cont h u e d )  

Remedial Technology Example Tes t ing  Programs 

5 .  Phys ica l  Treatment 
e Carbon adso rp t ion  
e F l o c c u l a t i o n  
e Sedimentation 
e Membrane p rocesses  
e Dissolved a i r  f l o t a t i o n  
e A i r  s t r i p p i n g  
e Wet a i r  o x i d a t i o n  

e Microbial  deg rada t ion  
e 

e P r e c i p i t a t i o n  
e N i t r i f i c a t i o n  

a p p l i c a t i o n )  

6. In-Situ Treatment 

N e  u t r a 1 i z a t ion I d e t ox i- 
f i ca t  ion  

7 .  Land Disposal  ( l a n d f i l l ,  land 

E. S o i l  and Sediment Containment and 
Remov a 1 
1. Excavation 
2 .  Dredging 
3. Grading 
4. Capping 
5 .  Revegetat ion 

th i cken ing  systems; air/volume 
r a t i o s  f o r  s t r i p p i n g  towers.  

P i l o t :  Test burns t o  determine 
r e t e n t i o n  t i m e ,  combustion chamber 
and a f t e r -bu rne r  t empera tu res ,  and 
and f u e l  makeup requirements  f o r  
t h e  i n c i n e r a t i o n  of a waste.  
Endurance/performance tests on mem- 
b ranes  i n  r e v e r s e  osmosis u n i t s  f o r  
ground-water t r ea tmen t .  I n - s i t u  
mic rob ia l  deg rada t ion  t e s t i n g  of 
n u t r i e n t  dose and a e r a t i o n  r a t e s  t o  
support  in-place deg rada t ion  of 
contaminants i n  a plume from an 
underground l e a k .  Evaluat ion of 
in-place mixing procedures f o r  t h e  
s o l i d i f i c a t i o n  of a s ludge i n  a 
lagoon. 

Bench': Determination of s o i l  adsorp- 
t i v e  ( c a t i o n  exchange c a p a c i t y )  
p r o p e r t i e s  and chemical composi- 
t i o n .  

P i l o t :  Small-scale dredging t o  
assess sediment resuspension or 
product ion rates.  

L 
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8 . 3 . 2  S p e c i f i c a t i o n  of  Ob jec t ives  and Level of Deta i l  

. The o b j e c t i v e s  of a bench-scale p r o j e c t  must be c l e a r l y  understood from 
the  beginning. 
of the work should be a n t i c i p a t e d  i n  s e l e c t i n g  the l e v e l  of s tudy  d e t a i l .  
Describing the expected r e s u l t s  i s  e s s e n t i a l  t o  d e f i n i n g  the v a r i a b l e s  t o  be 
i n v e s t i g a t e d  and t h e  range of  va lues  f o r  t hese  v a r i a b l e s .  

Once the  o b j e c t i v e s  of t he  s tudy a r e  e s t a b l i s h e d ,  t h e  r e s u l t s  

Because of t h e  r e l a t i v e l y  small s c a l e  and c o s t  of  bench-scale t e s t i n g ,  
many v a r i a b l e s  can be eva lua ted .  However, t o  minimize the  t e s t i n g  and t o  
ensure t h a t  t he  work i s  r e l e v a n t ,  the number of v a r i a b l e s  and range of v a l u e s  
t e s t e d  should be l i m i t e d  so t h a t  only those c o n d i t i o n s  t h a t  are a n t i c i p a t e d  i n  
a f u l l - s c a l e  a p p l i c a t i o n  are eva lua ted .  
a b l e  on technology performance should be evaluated c a r e f u l l y  a s  the f i n a l  
b a s i s  f o r  deciding what v a r i a b l e s  a r e  t e s t e d .  

The impact of each i n d i v i d u a l  v a r i -  

8 . 3 . 3  Limi ta t ions  

Bench-scale i n v e s t i g a t i o n s  a r e  f l e x i b l e ,  al lowing many v a r i a b l e s  t o  be 
eva lua ted ,  bu t  c e i t a i n  parameters cannot be t e s t e d  a t  t he  bench-scale l e v e l .  
For example ,  l a b o r a t o r y  equipment simply cannot be configured t o  resemble t h e  
f u l l - s c a l e  process .  Although c e r t a i n  chemical ,  b i o l o g i c a l ,  and phys ica l  
r e a c t i o n s  may not depend d i r e c t l y  on the  s i z e  and c o n f i g u r a t i o n  of t h e  
r e a c t o r ,  t he  r a t e s  do depend on c o n s i d e r a t i o n s  such a s  mass, h e a t ,  and lo r  
energy t r a n s f e r ,  which i n  t u r n  a r e  a f f e c t e d  by the s i z e  and c o n f i g u r a t i o n .  
The shortened t i m e  s c a l e  of bench s t u d i e s  may a l s o  be a l i m i t a t i o n  because t h e  
performance c a p a b i l i t i e s  of many t echno log ie s  cannot be demonstrated without 
long exposure pe r iods .  
technologies  f o r  which on ly  p i l o t - s c a l e  t e s t i n g  can be used t o  develop t h e  
information needed t o  s e l e c t  and d e f i n e  an a l t e r n a t i v e .  

A s  a resu l t  of  t h e s e  l i m i t a t i o n s ,  t h e r e  a r e  c e r t a i n  

8 . 3 . 4  Statement of Work 

The experimental  p l an  is documented i n  a SOW. The SOW should inc lude  a 
c l e a r l y  def ined set  of o b j e c t i v e s ,  a de t a i l ed .  work p l an  by t a s k ,  a schedule  o f  
completion, and a labor-cost  e s t ima te .  The SOW should a l s o  d e s c r i b e  or  r e f e r -  
ence a l l  experimental  and a n a l y t i c a l  procedures r e q u i r e d ,  a d a t a  management 
p l an ,  a QA/QC p l an ,  and a h e a l t h  and s a f e t y  plan.  

8 . 4  PILOT-SCALE STUDIES 

P i l o t - s c a l e  s t u d i e s  g e n e r a l l y  s p e c i f y  des ign  and o p e r a t i n g  c r i t e r i a  f o r  
the f u l l - s c a l e  a p p l i c a t i o n  a f t e r  the remedial  a c t i o n  a l t e r n a t i v e  has  been 
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s e l e c t e d .  Although p i l o t  s t u d i e s  a r e  of  n e c e s s i t y  more t a r g e t e d  than bench- 
scale s t u d i e s ,  t he  same gene ra l  c o n s i d e r a t i o n s  a r e  included i n  t h e  t es t  plan.  

8.4.1 Preplanning Information Needs 

A p i l o t  s tudy  u s u a l l y  follows a bench s tudy.  I f  a bench s tudy  was not 
r e q u i r e d ,  the information needed be fo re  p i l o t  s tudy planning w i l l  include a 
complete waste and s i t e  c h a r a c t e r i z a t i o n ,  a l i t e r a t u r e  review, and an a n a l y s i s  
of  experience with t h e  technology. However, more d e t a i l e d  information about 
t h e  p rocess  or o p e r a t i o n  must a l s o  be a v a i l a b l e  because p i l o t  work addres ses  
such i s s u e s  as  s e l e c t i o n  of  m a t e r i a l s  c o n t r o l  s t r a t e g i e s ,  i n s t a l l a t i o n  proce- 
d u r e s ,  and equipment c o n f i g u r a t i o n s  a t t e n d a n t  t o  a f i n a l  des ign .  P i l o t - s c a l e  
t e s t i n g  is  done under o p e r a t i n g  c o n d i t i o n s  approximating those expected i n  t h e  
a p p l i c a t i o n  i t s e l f  and i n  a module s i m i l a r  t o  the f u l l - s c a l e  i n s t a l l a t i o n .  

8.4.2 S p e c i f i c a t i o n  of  O b j e c t i v e s  and Level o f  Detail 

The o b j e c t i v e s  f o r  p i l o t  s t u d i e s  must a l s o  be def ined r i g o r o u s l y  t o  
ensu re  a s u c c e s s f u l  outcome. P i l o t  s t u d i e s  a r e  conducted t o  select  an a l te r -  
n a t i v e  i n  the  RI/FS p rocess  or t o  support  des ign  d e c i s i o n s  i n  the  des ign  and 
c o n s t r u c t i o n  s t a g e s  or both.  The re fo re ,  t h e  v a r i a b l e s  evaluated should be 
c a r e f u l l y  j u s t i f i e d  so t h a t  each key q u e s t i o n  i s  examined and so t h a t  
r ep roduc ib le  and r e l i a b l e  r e s u l t s  a r e  obtained.  The v a r i a b l e s  t o  be 
i n v e s t i g a t e d  should have a d i r e c t  impact on f u l l - s c a l e  des ign  and o p e r a t i o n .  
Scale-up problems should be recognized be fo re  the s tudy begins  so t h a t  
procedures  can be inco rpora t ed  i n t o  the  t e s t  plan t o  r e s o l v e  any ques t ions .  

8.4.3 L i m i t a t i o n s  

The f l e x i b i l i t y  of p i l o t - s c a l e  s t u d i e s  is  minimal. Because f u l l - s c a l e  
o p e r a t i n g  c o n d i t i o n s  are t o  be s imulated,  p i l o t  systems r e q u i r e  t h e  use of  
a c t u a l  c o n s t r u c t i o n  m a t e r i a l s  and o p e r a t i o n  over  r e l a t i v e l y  long- t i m e  p e r i o d s ,  
o f t e n  a t  high c o s t .  Only a few v a r i a b l e s  can be examined. Condi t ions for a 
p i l o t  tes t  should be as c l o s e  t o  f u l l - s c a l e  c o n d i t i o n s  a s  p o s s i b l e ,  p a r t i c -  
u l a r l y  with r e s p e c t  t o  v a r i a t i o n  i n  waste composition. Any deviance from 
normal c o n d i t i o n s  must be recorded and considered during d a t a  i n t e r p r e t a t i o n .  
The sampling schedule  must be designed t o  map the  c r i t i c a l  parameters char- 
a c t e r i z i n g  t h e  technology. In  some c a s e s ,  t he  period of r a p i d l y  changing 

.performance is  o f  more i n t e r e s t  than i s  t h e  period of s t a b l e  performance. For 
t h e s e  r easons ,  e x t r a p o l a t i n g  d a t a  from e x i s t i n g  and bench-scale s t u d i e s  may 
prove more c o s t - e f f e c t i v e  than conducting p i l o t  s t u d i e s .  This o p t i o n  should 
be considered on a case-by-case b a s i s .  

Seve ra l  areas of i n q u i r y  can be examined only a t  the p i l o t  s c a l e .  The 
degree of chemical mixing is  e s p e c i a l l y  d i f f i c u l t  t o  e v a l u a t e  at  t he  bench 
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level,  as a r e  methods f o r  the s e p a r a t i o n ,  t h i cken ing ,  and dewatering o f  
s o l i d s .  P i l o t  i n v e s t i g a t i o n  i s  e s s e n t i a l l y  t h e  only means t o  approximate such 
methods, s h o r t  of  c o n s t r u c t i n g  t h e  prototype.  F a c t o r s  such as  hydrodynamics, 
hea t  and gas t r a n s f e r ,  weather e f f e c t s ,  c o r r o s i o n ,  and e r o s i o n  e f f e c t s ,  e t c . ,  
are a l s o  u s u a l l y  b e s t  t e s t e d  by p i l o t  s t u d i e s .  Furthermore,  s k i l l e d  judgment 
i s  needed t o  predi.ct t he  performance of p i l o t - s c a l e  technology from bench- 
s c a l e  d a t a ,  and prototype performance from p i l o t  d a t a .  

8 . 4 . 4  Statement of  Work 

The experimental  plan f o r  p i l o t  s t u d i e s  i s  documented i n  a Statement of 
Work (SOW) submitted t o  the  c o n t r a c t i n g  o f f i c i a l  t h a t  should c o n t a i n  a l l  t h e  
elements mentioned . i n  the  bench-scale s tudy SOW ( s e c t i o n  8 . 3 . 4 ) .  
bench and p i l o t  s t u d i e s  are conducted, a s i n g l e  SOW may be prepared. f o r  bo th  
s t u d i e s  and updated a f t e r  benchwork is completed. 
it may not be p o s s i b l e  t o  prepare a SOW f o r  p i l o t  s t u d i e s  u n t i l  t he  r e s u l t s  of  
t h e  bench s t u d i e s  are a v a i l a b l e .  

I f  both 

However, i n  many i n s t a n c e s  

8 . 5  DATA ANALYSIS 

The s t e p s  i n  processing bench and p i l o t  s tudy d a t a  inc lude  d a t a  manage- 
ment, d a t a  analysis/interpretation, r e l i a b i l i t y  de t e rmina t ion ,  and a p p l i c a t i o n  
of  the resul ts .  The type and d e t a i l  of d a t a  obtained depend both on the  pur- 
pose of the s tudy and the  type  of  technology. D i f f e r e n t  types of d a t a  w i l l  be 
generated by t e s t i n g  for process  des ign  than by t e s t i n g  f o r  material handl ing 
o r  s t a b i l i t y .  Process  t e s t i n g  a t  t he  bench s c a l e  i s  done by t r a c k i n g  e f f l u e n t  
c h a r a c t e r i s t i c s  as t h e  parameters are changed i n  o r d e r  t o  determine an optimum 
o p e r a t i n g  cond i t ion .  Material t e s t i n g  involves  determining the  c h a r a c t e r i s -  
t i c s  of a material  a f t e r  varying exposure pe r iods  t o  va ry ing  environments. 

8 . 5 . 1  Data Management 

These d a t a  requirements  a r e  addressed i n  s e c t i o n  4 . 3 . 5 .  

8 . 5 . 2  Data Analysis  and I n t e r p r e t a t i o n  

Data a n a l y s i s  and i n t e r p r e t a t i o n  involve the  comparison of a n t i c i p a t e d  
r e s u l t s  with a c t u a l  r e s u l t s  t o  ensure the  v a l i d i t y  of t h e  assumptions made i n  
planning the  s tudy.  Major v a r i a t i o n s  between a n t i c i p a t e d  and a c t u a l  r e s u l t s  
may i n d i c a t e  t h a t  t he  o b j e c t i v e s  of t he  s tudy cannot be m e t .  I n  such c a s e s ,  
t he  SOW must be modified and a d d i t i o n a l  s t u d i e s  performed. However, i f  t h e  
comparison of  r e s u l t s  shows t h a t  t he  study w a s  p rope r ly  planned (adequate  t o  
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meet the  o b j e c t i v e s ) ,  g r a p h i c a l  and s t a t i s t i c a l  a n a l y s i s  may be used t o  a id  i n  
d a t a  i n  t erpre t a t i o n .  

Graphical  p l o t s  of r a w  experimental  resu l t s  u s u a l l y  i l l u s t r a t e  a random- 
ness  i n  the  d a t a  base t h a t  n e c e s s i t a t e s  a s t a t i s t i c a l  a n a l y s i s  i n  o rde r  t o  
focus on the r e s u l t s  and t o  document t h e i r  v a l i d i t y  (Blank,  1980).  A s t a t i s -  
t i c a l  a n a l y s i s  can be performed on sample r e p e t i t i o n s  t o  determine the  s i g -  
n i f i c a n c e  of t h e  d a t a .  However, c o s t  and t i m e  l i m i t a t i o n s  o f t e n  permit only 
two r e p e t i t i o n s  t o  be performed with p rov i s ions  t o  conduct a t h i r d  i f  t he  
r e s u l t s  from t h e  f irst  two t e s t s  d i f f e r .  Sample r e p e t i t i o n s  of only two o r  
t h r e e  a r e  d i f f i c u l t  t o  analyze f o r  s t a t i s t i c a l  s i g n i f i c a n c e ,  as a mal l  group 
i s  s t a t i s t i c a l l y  def ined a s  less than 20 samples and i s  s u b j e c t  t o  e r r o r  a t  
even t h i s  s i z e .  

F o r t u n a t e l y ,  t h e  r e s u l t s  of  many types of bench and p i l o t  s t u d i e s  can be 
graphed t o  d i s p l a y  such t r e n d s  a s  isotherms,  t i t r a t i o n  c u r v e s ,  break-through 
c u r v e s ,  and o t h e r  c o r r e l a t i o n s  dependent on time and c o n c e n t r a t i o n .  In  t r end  
a n a l y s i s ,  a r i go rous  r e p e t i t i o n a l  s t a t i s t i c a l  a n a l y s i s  may not be necessary 
as random r e s u l t s  a r e  more apparent  because they s t and  out  from t h e  t r e n d .  
C o r r e l a t i o n  ana lyses  a r e  a p p r o p r i a t e  f o r  determining the  cons i s t ency  of  t h e  
r e s u l t s  and u s e f u l  i n  developing k i n e t i c ,  t r a n s f e r ,  and o t h e r  c o e f f i c i e n t s  
from l i n e a r i z e d  t ransforms of  process  o r  technology performance c u r v e s .  

8.5.3 R e l i a b i l i t y  

A n a l y t i c a l  procedures can produce major e r r o r s  i f  a procedure o r  i n s t r u -  
ment i s  used i n c o r r e c t l y  o r  i s  not  i n  working o rde r .  Inaccurac i e s  a l s o  r e s u l t  
from the  experimental  procedure.  Addit ional  i naccurac i e s  occur i n  t h e  
measurement of low c o n c e n t r a t i o n s  because the  p r e c i s i o n ,  accuracy,  and detec-  
t i o n  c a p a b i l i t i e s  of t h e  a n a l y t i c a l  tests are l i m i t e d .  The purpose of t he  
QA/QC p lan  developed be fo re  beginning t h e  t e s t i n g  procedure is  t o  e l i m i n a t e  
most i f  not  a l l  of t h e s e  i n a c c u r a c i e s  and ensure r e l i a b l e  r e s u l t s .  The 
a b i l i t y  t o  j u s t i f y  t h e  performance r e l i a b i l i t y  of a system depends d i r e c t l y  on 
t h e  r e l i a b i l i t y  of t h e  r e s u l t s .  

8 . 5 . 4  Appl i ca t ion  of R e s u l t s  

The q u a n t i t a t i v e  d a t a  obtained from bench and p i l o t  s t u d i e s  must be 
converted i n t o  u s e f u l  information.  To make t h e  most of t he  r e s u l t s ,  t h e  
p rocess  under c o n s i d e r a t i o n  must be w e l l  understood. This is  a l s o  t r u e  f o r  
q u a l i t a t i v e  d a t a ,  which are o f t e n  used i n  making judgments. 

R e s u l t s  from bench and p i l o t  s t u d i e s  can be used i n  determining a number 
of c r i t e r i a .  For example, a l though t h e  primary goal of t he  s t u d i e s  i s  t o  
determine t e c h n i c a l  performance, d a t a  can be used t o  h e l p  e s t i m a t e  the  c o s t  of 
t h e  f u l l - s c a l e  process .  Add i t iona l  f a c t o r s  such as  the  complexity o f  

4: ' 
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o p e r a t i o n ,  s a f e t y ,  r e l i a b i l i t y ,  and p r o j e c t e d  maintenance requirements  can be  
s p e c i f i e d  through t r e a t a b i l i t y  s t u d i e s .  

The s tudy f i n d i n g s  must be evaluated f o r  a p p l i c a t i o n  t o  a f u l l - s c a l e  
technology. The optimum scale-up procedure would be a step-by-step approach, 
i n c r e a s i n g  the  s i z e  of t he  technology i n  gradual  increments.  However, t h i s  
procedure i s  much too c o s t l y  and time-consuming t o  be used except i n  t h e  most 
extreme circumstances.  Normally, v a r i a b l e s  a r e  obtained from t h e  s t u d i e s ,  
then sca l ed  up using s i m i l i t u d e  r u l e s  and/or mathematical  models. 
s i m i l i t u d e  include dynamic, kinematic ,  and chemical s i m i l i t u d e .  The s t u d i e s  
may a l s o  be conducted a t  f u l l  s c a l e  b u t  demonstrated on a p o r t i o n  of  t he  s i t e  
u n t i l  r e l i a b i l i t y  and o p e r a b i l i t y  a r e  proven. 

Rules o f  

A l l  r e s u l t s ,  r e g a r d l e s s  of  t h e i r  use,  w i l l  u l t i m a t e l y  be taken i n t o  
account i n  the  RI/FS process .  Even nega t ive  r e s u l t s  m u s t  be considered so 
t h a t  t he  cond i t ions  producing t h e  nega t ive  r e s u l t s  are not d u p l i c a t e d  a t  t h e  
f u l l  s c a l e .  Therefore ,  complete documentation of t h e  s tudy from t h e  pre- 
planning s t a g e  t o  t h e  d a t a  r educ t ion  s t a g e ,  i nc lud ing  QA/QC and a s t a t i s t i c a l  
a n a l y s i s ,  i s  e s s e n t i a l  t o  convey a l l  i m p l i c a t i o n s  of t h e  bench and p i l o t  
i n v e s t i g a t i o n s  l ead ing  t o  des ign  reconanendat i ons .  
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CHAPTER 9 

REMEDIAL INVESTIGATION REPORT FORMAT 

9.1 INTRODUCTION 

Th i s  chap te r  p r e s e n t s  and d i s c u s s e s  t h e  recommended format f o r  r e p o r t s  on 
remedial  i n v e s t i g a t i o n s  conducted under CERCLA. This format has  been designed 
t o  : 

0 Ensure t h a t  a l l  major i s s u e s  are adequately addressed 

e Produce comparable p r e s e n t a t i o n s  from d i f f e r e n t  s i t e s  

0 Promote high q u a l i t y  remedial  i n v e s t i g a t i o n  r e p o r t s  

e Ensure ade,quate documentation and complete d a t a  f o r  use i n  
dec i s  ionmaking. 

The recommended format w i l l  c o n s o l i d a t e  d a t a  from s e v e r a l  i n v e s t i g a t i o n  
a c t i v i t i e s  i n t o  a s i n g l e  p r e s e n t a t i o n  and se rve  a s  a c h e c k l i s t  of  a c t i v i t i e s  
conducted and d a t a  ob ta ined .  

During the  remedial  i n v e s t i g a t i o n  p rocess ,  two r e p o r t s  may be produced 
depending on s i t e  a c t i o n s  a n t i c i p a t e d  by the  Agency: 

e 

e 

Draf t  and f i n a l  Remedial I n v e s t i g a t i o n  Report (always prepared)  

Endangerment Assessment Report < a s  needed f o r  enforcement a c t i o n s ) .  

The d ra f f  Remedial I n v e s t i g a t i o n  Report i s  produced a t  the end of  t h e  
remedial i n v e s t i g a t i o n  process .  This r e p o r t  c h a r a c t e r i z e s  the s i t e  and 
summarizes the  d a t a  c o l l e c t e d  and conclusions drawn from a l l  i n v e s t i g a t i v e  
a reas  and l e v e l s .  I f  a p p r o p r i a t e ,  t h i s  r e p o r t  may be combined with t h e  
a s s o c i a t e d  F e a s i b i l i t y  Study Report t o  provide one s i t e  r e p o r t  con ta in ing  both 
support  d a t a  and decisionmaking documentat ion.  

The d r a f t ,  fol lowing review, approval ,  and r e v i s i o n ,  becomes t h e  f i n a l  
r e p o r t .  For enforcement-lead a c t i o n s ,  t h e  Of f i ce  of Waste Program Enforcement 
or an a t t o r n e y  w i l l  review t h e  d r a f t  r e p o r t .  
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An Endangerment Assessment Report i s  produced only i f  needed f o r  enforce- 
ment cases .  This  r e p o r t  may be prepared a t  any l e v e l  o f  t he  R I  or t he  FS and 
inc ludes  contaminat ion,  pub l i c  h e a l t h ,  and environmental  assessments.  

This  c h a p t e r  focuses  on the Remedial I n v e s t i g a t i o n  Report and d i s c u s s e s  
what should be included i n  t h i s  r e p o r t  and why. 

9.2 FINAL REPORT FORMAT 

Table 9-1 p r e s e n t s  t h e  recommended Remedial I n v e s t i g a t i o n  Report format 
w i t h  t h e  numbering system as it  would appear i n  t h e  r e p o r t .  As desc r ibed  
i n  t h e  preceding s e c t i o n ,  t he  r e p o r t  w i l l  be prepared f o r  every remedial 
i n v e s t i g a t i o n  and w i l l  p r e sen t  only t h e  d a t a  generated i n  t h e  i n v e s t i g a t i o n  t o  
support  a n a l y s i s  of remedial  a l t e r n a t i v e s  i n  the  f e a s i b i l i t y  s tudy.  As such, 
i t  i s  not intended as a compendium of s i t e  information;  t h e r e f o r e ,  a l l  of  t h e  
s e c t i o n s  i d e n t i f i e d  i n  Table 9-1 may not be r e l e v a n t  t o  a given i n v e s t i g a t i o n .  
The r e p o r t  c o n t e n t s  should be ad jus t ed  based on the  focus of  &he d a t a  c o l l e c -  
t i o n  and t h e  ana lyses  conducted. 

Contaminant l e v e l s  i n  the  environment w i l l  be r epor t ed  on a med iaspec i f i c  
b a s i s .  For example, contaminant l e v e l s  i n  sediments w i l l  be presented i n  t h e  
surface-water  i n v e s t i g a t i o n  s e c t i o n ,  while  contaminant concen t r a t ions  i n  
ground water w i l l  be presented i n  the  hydrogeologic i n v e s t i g a t i o n  s e c t i o n .  

For enforcement-lead i n v e s t i g a t i o n s ,  t he  Remedial I n v e s t i g a t i o n  Report 
format may be d i f f e r e n t .  
enforcement personnel  i s  necessa ry  t o  determine the a p p r o p r i a t e  format and 
con ten t  f o r  t he  r e p o r t .  

I n  such i n s t a n c e s ,  c l o s e  coord ina t ion  with r e g i o n a l  

The .remaining s e c t i o n s  e x p l a i n  each of the s e c t i o n s  t h a t  may appear i n  
t h e  Remedial I n v e s t i g a t i o n  Report .  

9.2.1 Execut ive Summary 

The Executive Summary provides  a b r i e f  overview of t h e  remedial  inves- 
t i g a t i o n  and the  d a t a  c o l l e c t e d  by t h e  i n v e s t i g a t i o n .  
t h e  s i t e  and major i n v e s t i g a t i o n  f i n d i n g s  are summarized so the  r eade r  i s  
presented wi th  an i n s t a n t  p i c t u r e  of  t h e  s i t e  and i t s  problems. 

Key information about 

The f i v e  major a r e a s  addressed i n  the  Executive Summary a r e :  

0 Purpose of  t h e  remedial  i n v e s t i g a t i o n  

0 S i t e  d e s c r i p t i o n ,  background, and problems 

0 D i r e c t i o n  and a c t i v i t i e s  o f  each i n v e s t i g a t i o n  phase 

0 Major f i n d i n g s  

0 Data problems and unresolved d a t a  needs.  
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TABLE 9 - 1 .  REMEDIAL INVESTIGATION REPORT FORMAT 

EXECUTIVE SUMMARY 

1.0 INTRODUCTION 

1 . 1  S I T E  BACKGROUND INFORMATION 
1 . 2  NATURE AND EXTENT OF PROBLEM(S) 
1 . 3  REMEDIAL INVESTIGATION SUMMARY 
1 . 4  OVERVIEW OF REPORT 

2 . 0  S I T E  FEATURES INVESTIGATION 

2 . 1  DEMOGRAPHY 
2 . 2  LAND USE 
2 . 3  NATURAL RESOURCES 
2 . 4  CLIMATOLOGY 

3 . 0  HAZARDOUS SUBSTANCES INVESTIGATION 

3 . 1  WASTE TYPES 
3 . 2  WASTE COMPONENT CHARACTERISTICS AND BEHAVIOR 

4 . 0  HYDROGEOLOGIC INVESTIGATION 

4 . 1  S O I L S  
4 . 2  GEOLOGY 
, 4 . 3  GROUND WATER 

5 . 0  SURFACE-WATER INVESTIGATION 

5 . 1  SURFACE WATER 
5 . 2  SEDIMENTS 
5 . 3  FLOOD POTENTIAL 
5 . 4  DRAINAGE 

6 .0  A I R  INVESTIGATION 

(continued) 
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TABLE 9-1.  (continued) 

7 . 0  

8.0 

9 . 0  

BIOTA INVESTIGATION 

7 . 1  FLORA 
7 . 2  FAUNA 

BENCH AND PILOT TESTS 

PUBLIC HEALTH AND ENVIRONMENTAL CONCERNS 

9 . 1  POTENTIAL RECEPTORS 
9 . 2  PUBLIC HEALTH IMPACTS 
9 . 3  ENVIRONMENTAL IMPACTS 

REFERENCES 

APPEND ICES 

c 
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c 

S p e c i f i c  elements addressed under each of t he  major a reas  b r i e f l y  convey. t he  
important c h a r a c t e r i s t i c s  and f i n d i n g s .  Tables and f i g u r e s  a r e  used where 
p o s s i b l e  t o  sumnarize information c l e a r l y  and c o n c i s e l y .  The suggested l eng th  
of  t he  Executive Summary is  f i v e  pages wi th ,  a t  most,  one o r  two t a b l e s  or 
f i g u r e s .  

9.2.2 I n t r o d u c t i o n  

As t h e  i n t r o d u c t i o n  t o  t h e  Remedial I n v e s t i g a t i o n  Report ,  c h a p t e r  1 
b r i e f l y  c h a r a c t e r i z e s  t h e  s i t e ,  which e s t a b l i s h e s  a background f o r  t he  d a t a  
c o l l e c t i o n  and a n a l y s i s  a c t i v i t i e s .  The I n t r o d u c t i o n  addresses  four  major 
a r e a s :  (1) s i t e  background in fo rma t ion ;  ( 2 )  t h e  na tu re  and e x t e n t  o f  contam- 
i n a t i o n  problem(s) a t  t h e  s i t e ;  (3) i n v e s t i g a t i o n  o b j e c t i v e s  and a c t i v i t i e s ;  
and (4) an overview of  t h e  r e p o r t  c o n t e n t s .  These d i s c u s s i o n s  review the  key 
f e a t u r e s ,  c o n d i t i o n s ,  and parameters of  t h e  s i t e  t h a t  a r e  e s s e n t i a l  t o  
a n a l y s i s  of s i t e  problems and s e l e c t i o n  of  remedial  a c t i o n  a l t e r n a t i v e s .  

9.2.2.1 S i t e  Background Information 

Included i n  t h e  s i t e  background d i s c u s s i o n  are b r i e f  d e s c r i p t i o n s  of  pas t  
and e x i s t i n g  a c t i v i t i e s  a t  t h e  s i t e ,  p a r t i c u l a r l y  t h e  c u r r e n t  p h y s i c a l ,  
b i o l o g i c a l  and socioeconomic f a c t o r s .  S p e c i f i c  elements t h a t  may be  
addressed i n  t h i s  s e c t i o n  of  t h e  i n t r o d u c t i o n  inc lude :  

0 F a c i l i t y  l o c a t i o n ,  s i z e ,  c o n f i g u r a t i o n ,  e x i s t i n g  s t r u c t u r e s  

0 Timeframe of waste-related a c t i v i t i e ' s  

e H i s t o r i c a l  d e s c r i p t i o n  o f :  

- f a c i l i t y  type - a c t i v i t i e s  and o p e r a t i o n s  - t ypes  of  wastes 
- c o n d i t i o n  of wastes ( o r i g i n a l l y  a s  well a s  a t  p r e s e n t )  
- i n c i d e n t s  ( f i r e ,  exp los ion ,  ground-water contaminat ion,  e t c  .) - s i t e  i n v e s t i g a t i o n s  sampling, r e g u l a t o r y  v i o l a t i o n s ,  response 

- ownership 
a c t i o n s ,  and enforcement a c t i v i t i e s  

e Physiography 

0 Other f a c t o r s  i nc lud ing  

- conmunity pe rcep t ion  - planned use of  s i t e  
- c o n f l i c t i n g  o r  mis s ing  in fo rma t ion  
- s i t e  map showing l o c a t i o n ,  s i z e ,  water s u p p l i e s ,  s e n s i t i v e  

environmental a r e a s ,  and nearby popu la t ions .  
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A l l  d i s c u s s i o n s  should p e r t a i n  t o  the  use o f  t he  f a c i l i t y  f o r  management o f  
hazardous wastes. 

9 . 2 . 2 . 2  Nature and Extent of  t h e  Problem 

The d i s c u s s i o n  of t he  n a t u r e  and e x t e n t  o f  t he  problem(s) a t  t he  s i t e  
should c o n c e n t r a t e  on t h e  materials p re sen t  and c u r r e n t  contamination prob- 
lems. This d e f i n e s  a framework f o r  determining the  remedial  a c t i o n  o b j e c t i v e s  
and f o r  s e l e c t i n g  a p p r o p r i a t e  remedial a c t i o n  a l t e r n a t i v e s .  

This "problems" s e c t i o n  of  t he  i n t r o d u c t i o n  focuses  on e x i s t i n g  and 
p o t e n t i a l  on - s i t e  and o f f - s i t e  contaminat ion problems and e f f e c t s .  It should 
inc lude  t h e  fol lowing : 

0 Type, phys i ca l  s t a t e ,  and q u a n t i t y  o f  wastes or hazardous substances 
on- s i t e 

0 

0 Present  c o n d i t i o n  of  m a t e r i a l s  and s t r u c t u r e s  ( i n c l u d i n g  drums, t a n k s ,  

Spec ia l  waste c o n s i d e r a t i o n s  ( e x p l o s i v e ,  r a d i o a c t i v e ,  e t c  .) 

l a n d f i l l s ,  e t c  .I 

0 Changes i n  s i t e  ( e . g . ,  f i l l i n g  i n  a waste p i t  or lagoon, applying 
cover m a t e r i a l  t o  b u r i e d  o r  semi-buried drums) 

0 E f f e c t s  of contaminants from t h e  s i t e  (drawing on monitoring and 
geo techn ica l  s t u d i e s )  : 

- 
- a f f e c t e d -  media,  movement o f  contaminants , d i r e c t i o n  of  movement 
- r e s o u r c e s ,  popu la t ion ,  or environments t h rea t ened  o r  harmed by 

- human exposure 

t y p e s  of contaminant release ( l e a c h a t e ,  r u n o f f ,  e t c . )  

contaminant movement 

0 Near-future impacts of  s i t e  c o n d i t i o n s  and contaminant mig ra t ion  
( subsu r face  , s u r f a c e ,  and atmospheric)  

Actions p rev ious ly  taken t o  m i t i g a t e  problems and t h e  r e s u l t ( s )  of 
t h e s e  act  ions . 0 

These d i s c u s s i o n s  should d e s c r i b e  t h e  t h r e a t  o r  p o t e n t i a l  t h r e a t  t o  pub l i c  
h e a l t h ,  w e l f a r e ,  or t h e  euvironment from t h e  s i t e .  
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9 . 2 . 2 . 3  I n v e s t i g a t i o n  Sumnary 

The i n v e s t i g a t i o n  summary i d e n t i f i e s  t he  o b j e c t i v e ( s )  of  each l e v e l  and 
a c t i v i t y  of  t he  remedial i n v e s t i g a t i o n .  This s e c t i o n  a l s o  provides  an 
overview of  t h e  i n v e s t i g a t i o n s  conducted. 

9 . 2 . 2 . 4  Overview of Report 

This s e c t i o n  p r e s e n t s  an overview of  t h e  remainder of  t h e  r e p o r t ,  b r i e f l y  
d e s c r i b i n g  the  c o n t e n t s  of  each c h a p t e r .  

9 . 2 . 3  S i t e  Fea tu res  I n v e s t i g a t i o n  

Chapter 2 . p r e sen t s  t he  r e s u l t s  of  t h e  i n v e s t i g a t i o n  of t h e  f e a t u r e s  of  
t he  si’te. A t  least  four  s e c t i o n s  a r e  included:  

0 Demography 

0 Land use  

0 Natural  r e sources  

0 Climatology. 

Other s i t e  f e a t u r e  d a t a  may be presented i n  a d d i t i o n a l  s e c t i o n s  a s  necessary,  
Only those  s i t e  f e a t u r e s  i n v e s t i g a t e d  should be d e s c r i b e d .  

Each s e c t i o n  should d e s c r i b e  the  key parameters i n v e s t i g a t e d  and analyzed 
f o r  t he  s i t e  and inc lude  information p e r t i n e n t  t o  t e c h n i c a l ,  publ ic  h e a l t h ,  
and environmental  ana lyses  conducted i n  t h e  f e a s i b i l i t y  s t u d y ,  p a r t i c u l a r l y  
those  elements a f f e c t i n g  t h e  a p p l i c a b i l i t y  of t h e  remedial  a l t e r n a t i v e s  being 
considered.. For example, t h e  i n v e s t i g a t i o n  may have i d e n t i f i e d  the  proximity 
of waste sources  t o  publ ic  wells or Nat iona l /S ta t e  f o r e s t  l a n d s ;  t h i s  
information would be presented as p a r t  o f  t h e  n a t u r a l  r e sources  s e c t i o n .  

9 . 2 . 4  Hazardous Substances I n v e s t i g a t i o n  

Chapter 3 p r e s e n t s  d a t a  from i n v e s t i g a t i o n s  of t h e  wastes found o n - s i t e .  
This c h a p t e r  is d iv ided  i n t o  t w o  p a r t s :  

0 Waste types  

0 Waste component c h a r a c t e r i s t i c s  and behavior .  
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The f i rs t  subsection addresses waste q u a n t i t i e s ,  loca t ion ,  components, 
containment, and composition. It covers a l l  the mater ia l s  a t  the s i t e  t ha t  
a r e  sources of environmental contamination o r  public hea l th  t h r e a t ,  or may be 
d is turbed ,  removed, or t r ea t ed ,  or may be " in  the way" in a remedial ac t ion .  
This information w i l l  not only aid in  se l ec t ing  a remedial a l t e r n a t i v e  but may 
a l so  a f f ec t  the design and planning of remedial ac t ions  ( e . g . ,  heal th  and 
s a f e t y  cons idera t ions) .  

The second subsection summarizes the r e s u l t s  of the inves t iga t ion  of 
waste component c h a r a c t e r i s t i c s ,  including t e s t i n g  resul ts  for waste con- 
s t i t u e n t  t o x i c i t y ,  bioaccumulation, metabolism, environmental transformation, 
or other  c h a r a c t e r i s t i c s .  These data  are  used in the public heal th  and 
environmental assessments and analyses conducted in  the RIIFS. 

9 . 2 . 5  Hydrogeologic Inves t iga t ion  

Chapter 4 presents  the resul ts  of the hydrogeologic inves t iga t ion .  This 
chapter includes a t  l e a s t  th ree  major sec t ions  : 

0 Soi l s  

0 Geology 

Ground water. 

Additional sec t ions  may be included i f  needed to  present hydrogeologic and 
contamination problems a t  the s i t e .  

The s o i l  analyses include a l l  s o i l s  da t a  and descr ip t ions  t h a t  charac- 
t e r i z e  the s i t e  and a f f e c t  decis ions on remedial a l t e rna t ives .  Data to  be 
included a re  s o i l  types,  depths,  content and c h a r a c t e r i s t i c s  ( e . g . ,  c lay 
conten t ) ,  and contamination l eve l s .  

The geology sec t ion  presents the geologic fea tures  and c h a r a c t e r i s t i c s  
i den t i f i ed  in  the inves t iga t ion .  The focus is  on s i t e  geology and subsurface 
f ea tu res  as w e l l  as contaminant l e v e l s  t h a t  may be useful i n  charac te r iz ing  
s i t e  problems and poten t ia l  impacts and in  choosing remedial so lu t ions .  

The sec t ion  on ground water addresses d i r ec t ion  of ground-water flow, 
dimensions of contaminant plume, plume migration, and aquifer  systems under- 
lying the s i t e .  This sec t ion  a l so  i d e n t i f i e s  contaminant l eve l s .  
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9 . 2 . 6  Surface-Water Inves t iga t ion  

't The focus i n  chapter 5 i s  on surface-water inves t iga t ions  and analyses.  
A t  l e a s t  four major subsections a re  included: 

0 Surface-water bodies 

0 Sediments 

0 Flood poten t ia l  

0 Drainage. 

Additional subsections may be added t o  address the surface-water hydrologic 
and contamination fea tures  of the s i t e .  

For the inves t iga t ions  conducted, each subsection presents  the resu l t s  of 
da ta  analysis  and supporting raw data .  For example, the sec t ion  on surface- 
water bodies addresses the extent  of contamination (spread from s i t e ) ,  con- 
taminant migration, and surface-water flow. The sediments sec t ion  descr ibes  
concentration va r i a t ions  of contaminants with sediment depth,  sediment 
pa r t i cu la t e  s i ze ,  and the dimensions of contaminant loca t ion  in  sediments. 
Similar ly ,  the flood poten t ia l  subsection focuses on the loca t ion  of the s i t e  
in a f loodplain,  and the drainage subsection addresses surface-water and 
p rec ip i t a t ion  drainage across the s i t e .  Descriptions of a l l  these s i t e  
features  provide da ta  for environmental, public hea l th ,  and technological 
assessments i n  the f e a s i b i l i t y  study. 

9 . 2 . 7  A i r  Inves t iga t ion  

Chapter 6 presents  the r e s u l t s  of the a i r  inves t iga t ion ,  including da ta  
on a i r  concentrat ions of contaminants, contaminant plume dimensions and move- 
ment, and airborne pa r t i cu la t e s .  The r e s u l t s  of other  a i r  inves t iga t ions  and 
analyses conducted t o  def ine s i t e  problems and se l ec t  and design a remedial 
a l t e r n a t i v e  a re  a l so  presented here .  

9 . 2 . 8  Biota Inves t iga t ion  

Chapter 7 focuses on the contaminant l eve l s  found in  s i t e  f l o r a  and 
fauna. Resident endangered species  a re  a l so  iden t i f i ed .  These da t a  contrib- 
u te  t o  environmental analyses and assessments of present s i t e  condi t ions and 
to the se lec t ion  of remedial a l t e rna t ives  in  the f e a s i b i l i t y  study. 
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9.2.9 Bench and P i l o t  S t u d i e s  

Chapter 8 i d e n t i f i e s  and p r e s e n t s  t he  r e s u l t s  of bench and p i l o t  t es t s  
conducted i n  the remedial  i n v e s t i g a t i o n .  
provide d a t a  f o r  remedial  a l t e r n a t i v e  s e l e c t i o n  o r  des ign .  Each d i f f e r e n t  
test s e r i e s  should be t r e a t e d  independent ly  ( i . e . ,  s o i l s  s t u d i e s ,  t reatment  
e f f i c i e n c i e s ,  and c o m p a t i b i l i t y  t e s t s  would be presented s e p a r a t e l y ) .  For 
each tes t  ser ies ,  t e s t i n g  o b j e c t i v e s ,  r e s u l t s ,  and ana lyses  should be  
p re sen ted ,  with conc lus ions  c l e a r l y  s t a t e d .  

These tes ts  m a y  be conducted t o  

9.2.10 P u b l i c  Hea l th  and Environmental Concerns 

Chapter 9 p r e s e n t s  a d i s c u s s i o n  of p o t e n t i a l  pub l i c  h e a l t h  and 
environmental  impacts.  This  c h a p t e r  c o n s i s t s  of t h r e e  s u b s e c t i o n s :  

0 P o t e n t i a l  r e c e p t o r s  

0 Pub l i c  h e a l t h  

0 Environmental impacts.  

The p o t e n t i a l  r e c e p t o r s  subsec t ion  i d e n t i f i e s  human and o t h e r  r e c e p t o r s  
( f l o r a ,  f auna ) ,  i nc lud ing  endangered s p e c i e s ,  t h a t  a r e  o r  may be a f f e c t e d  by 
s i t e  contaminat ion.  The subsec t ion  on publ ic  h e a l t h  summarizes pub l i c  h e a l t h  
concerns r e s u l t i n g  from s i t e  contaminants and contaminated areas o r  r e sources .  
The environmental  impacts subsec t ion  reviews environmental damage from the  
s i te .  Together,  t h i s  information w i l l  c o n t r i b u t e  t o  the  de t e rmina t ion  of  
remedial  a c t i o n  o b j e c t i v e s  f o r  t he  s i t e .  

9.2. I 1  References 

The r e f e r e n c e  s e c t i o n  con ta ins  complete b i b l i o g r a p h i c  c i t a t i o n s  f o r  
information sources  used and c i t e d  i n  t h e  main t e x t  of t h e  r e p o r t .  References 
€or  information sources  c i t e d  i n  an appendix should appear i n  t h a t  appendix. 

9.2.12 Appendices 

The t e x t  of t he  Remedial I n v e s t i g a t i o n  Report summarizes t h e  s i t e  
information c o l l e c t e d  and analyzed i n  the  i n v e s t i g a t i o n  process .  To focus 
t h i s  summary so t h a t  i t  p r e s e n t s  t he  c r i t i c a l  s i t e  c h a r a c t e r i s t i c s  and major 
a n a l y s i s  f e a t u r e s  c lear ly  and l o g i c a l l y ,  d e t a i l e d  d i s c u s s i o n s ,  diagrams, 
sampling d a t a ,  maps, computer modeling r e s u l t s ,  and o t h e r  suppor t ing  d a t a  and 
ana lyses  may b e s t  be presented a s  appendices t o  t h e  main r e p o r t .  
appendices as needed may be added. 

As many 
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APPENDIX A 

MODEL STATEMENT OF WOKK 
FOR CONDUCTING REMEDIAL INVESTIGATIONS 

PURPOSE 

The purpose of this remedial investigation is to 
determine the nature and extent of the problem at the site 
and to gather all necessary data to support the 
feasibility study. The Engineer will furnish all 
personnel, materials, and services necessary for, or 
incidental to, performing the remedial investigation at 
[specific site], an uncontrolled hazardous waste site. 

SCOPE 

The remedial investigation consists of seven tasksl: 

Task 1 - Description of Current Situation 
Task 2 - Plans and Management 
Task 3 - Site Investigation 
Task 4 - Site Investigation Analysis 
Task 5 - Laboratory and Bench-Scale Studies 
Task 6 - Reports 
Task 7 - Community Relations Support 

TASK 1 - DESCRIPTION OF CURRENT SITUATION 
Describe the background information pertinent to the 

site and its problems and outline the purpose for remedial 
investigation at the site. The data gathered during any 
previous investigations or inspections and other relevant 
data should be used. 

This task may be conducted concurrently with Task 2, 
development of the work plan. 

a. Site Background 

Prepare a summary of the Regional location, 
pertinent area boundary features, and general 
site physiography, hydrology, and geology. 

1 The Remedial Investigation guidance should be 
consulted for additional information on the tasks 
listed below. 
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Define t h e  t o t a l  a r ea  of t h e  s i t e  and the  genera l  
na ture  of t h e  problem, including p e r t i n e n t  
h i s t o r y  r e l a t i v e  t o  t h e  u s e  of t h e  s i t e  fo r  
hazardous waste d i sposa l .  

b. Nature and Extent  of Problem 

Prepare a summary of t h e  a c t u a l  and p o t e n t i a l  
o n - s i t e  and o f f - s i t e  hea l th  and environmental 
e f f e c t s .  T h i s  may i n c l u d e ,  b u t  i s  not l imited 
t o ,  t he  types ,  phys ica l  s t a t e s ,  and amounts of 
t h e  hazardous substances;  t h e  ex i s t ence  and 
cond i t ions  of drums, l a n d f i l l s ,  and lagoons 
[ s u b s t i t u t e  s i t e - s p e c i f i c  f e a t u r e s  if d i f f e r e n t ] :  
a f f e c t e d  media and pathways of exposure: 
contaminated r e l e a s e s  s u c h  a s  l eacha te  o r  runoff:  
and any human exposure. Emphasis should be 
placed on descr ib ing  t h e  t h r e a t  o r  p o t e n t i a l  
t h r e a t  t o  publ ic  hea l th  and t h e  environment. 

c. History of Response Actions 

Prepare a summary of any previous response 
a c t i o n s  conducted by e i t h e r  l o c a l ,  S t a t e ,  
Federa l ,  o r  p r i v a t e  p a r t i e s ,  including t h e  s i t e  
inspec t ion  and o ther  t echn ica l  r e p o r t s ,  and t h e i r  
r e s u l t s .  T h i s  summary should address  any 
enforcement a c t i v i t i e s  undertaken t o  i d e n t i f y  
respons ib le  p a r t i e s ,  compel p r i v a t e  cleanup, and 
recover c o s t s .  A l i s t  of re ference  documents and 
t h e i r  l oca t ion  s h a l l  be inc luded .  The  scope of 
t he  remedial i n v e s t i g a t i o n  should be developed t o  
address  t h e  problems and ques t ions  t h a t  have 
r e su l t ed  from previous work a t  t h e  s i t e .  

d.  S i t e  V i s i t  

Conduct an i n i t i a l  s i t e  v i s i t  t o  become fami l ia r  
w i t h  s i t e  topography, access  rou te s ,  and 
proximity of r ecep to r s  t o  poss ib l e  contamination 
and c o l l e c t  d a t a  f o r  prepara t ion  of the  s i t e  
s a f e t y  plan. The v i s i t  should be used t o  v e r i f y  
t h e  s i t e  information developed i n  t h i s  Task. 

e. D e f i n e  Boundary Conditions 

E s t a b l i s h  s i t e  boundary cond i t ions  t o  l i m i t  t h e  
a r e a s  of s i t e  i n v e s t i g a t i o n s .  The boundary 
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conditions should be set so that subsequent 
investigations will cover the contaminated media 
in sufficient detail to support following 
activities (e.g., the feasibility study). The 
boundary conditions may a l s o  be used to identify 
boundaries for site access control and site 
security. [If not in existence, installation of 
a fence or other security measures should be 
considered.] 

f. Site Map 

Prepare a site map showing all wetlands, 
floodplains, water features, drainage patterns, 
tanks, buildings, utilities, paved areas, 
.easements, rights-of-way, and other features. 
The site map and all topographical surveys should 
be of sufficient detail and accuracy to locate 
and report all existing and future work performed 
at the site. [Permanent baseline monuments, 
bench marks, and reference grid tied into any 
existing reference system (i.e., State O K  USGS) 
should be considered as an option.] 

g. Site Office 

If agreed to by EPA and the State, establish a 
temporary site office to support site work. 

h. Contractor Procurement 

[When SOW is used for Federal-lead, change to 
"Subcontractor Procurement" and modify as 
required.] Prepare contractor procurement 
documents and award subagreement to secure the 
services necessary to conduct the remedial 
investigation and feasibility study. 

TASK 2 - PLANS AND MANAGEMENT 
Prepare all necessary plans for the remedial 

investigation. The work plan should include a detailed 
discussion of the technical approach, budget, personnel 
requirements, and schedules, as well as the following: 
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a. Sampling Plan 

Prepare a Sampling Plan to address all field 
activities to obtain additional site data. The 
plan will contain a statement of sampling 
objectives; specification of equipment, analyses 
of interest, sample types, and sample locations 
and frequency; and schedule. Consider use of 
field screening techniques to screen out samples 
that do not require off-site laboratory 
analysis. The plan will also.include a quality 
assurance and quality control plan with 
documentation requirements and estimates of costs 
and labor. The plan must address all levels of 
the investigation as well as all types of 
investigations conducted (e.g., waste 
characterization, hydrogeologic, soils and 
sediments, air and'surface water). The plan will 
identify potential remedial technologies and 
associated data that may be needed to evaluate 
alternatives for the feasibility study. 

b. Health and Safety Plan 

Prepare a Health and Safety Plan to address 
hazards that the investigation activities may 
present to the investigation team and to the 
surrounding community. The plan should address 
all applicable regulatory requirements and detail 
personnel responsibilities, protective equipment, 
procedures and protocols, decontamination, 
training, and.medica1 surveillance. The plan' 
should identify problems or hazards that may be 
encountered and their solutions. Procedures for 
protecting third parties, such as visitors or the 
surrounding community, will a l s o  be provided. 

c. Data Manaqement Plan 

Develop and initiate a Data Management Plan to 
document and track investigation data and 
results. This plan should identify and set up 
laboratory and data documentation materials and 
procedures, project file requirements, and 
project-related progress and financial reporting 
procedures and documents. 
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d. Community Relations Plan 

Prepare a plan, based on on-site discussions, for 
the dissemination of information to the public 
regarding investigation activities and results. 
Opportunities for comment and input by citizen, 
community and other groups must also be 
identified and incorporated into the plan. 
Staffing and budget requirements for 
implementation also must be included. [Not 
required if Community Relations Plan has been 
prepared.] 

TASK 3 - SITE INVESTIGATION 
Conduct only those investigations necessary to 

characterize the site and its actual or potential hazard 
to public health and the environment. The investigations 
should result in data of adequate technical content to 
support the development and evaluation of remedial 
alternatives during the feasibility study. Investigation 
activities will focus on problem definition and data to 
support the screening of remedial technologies, 
alternative development and screening, and detailed 
evaluation of alternatives. 

The site investigation activities will follow the 
plans set forth in Task 2. All sample analyses will be 
conducted at laboratories following EPA protocols or their 
equivalents. Strict chain-of-custody procedures will be 
followed and all samples will be located on the site map 
[and grid system] established under Tasks 1 and 2. 

a. Waste Characteriziation 

Conduct a sampling and analysis program to 
characterize all materials of interest at the 
site. These materials should include wastes 
stored above or below ground in tanks, drums, 
lagoons, piles, or other structures. 

b. Hydrogeologic Investigation 

[Generally limited to investigations for off-site 
migration.] Conduct a program to determine the 
presence and potential extent of ground water 
contamination [and to evaluate the suitability of 
the site for on-site waste containment]. 
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C. 

[Identify specific aquifer to be stu.died. 1 
Efforts should begin with a survey of previous 
hydrogeologic studies and other existing data. 
The survey should address the degree of hazard, 
the mobility of pollutants considered (from Waste 
Characterization) , the soils' attenuation 
capacity and mechanisms, discharge/recharge 
areas, regional flow directions and quality, and 
effects of any pumping alternatives that are 
developed, if applicable. Such information may 
be available from the USGS, the Soil Conservation 
Service, and local well drillers. An 
accompanying sampling program should determine 
the horizontal and vertical distribution of 
contaminants and predict the long-term 
disposition of contaminants. 

Soils and Sediments Investigation 

Conduct a program to determine the location and 
extent of contamination of surface and subsurface 
soils and sediments [identify specific areas to 
be studied]. This process may overlap with 
certain aspects of the hydrogeologic study (e.g., 
characteristics of soil strata are relevant to 
both the transport of contaminants by ground 
water and to the location of contaminants in the 
soil; cores from ground water monitoring wells 
may serve as soil samples). A survey of existing 
data on soils and sediments may be useful. The 
horizontal and vertical extent of contaminated 
soils and sediments should be determined. 
Information on local background levels, degree of 
hazard, location of samples, techniques utilized, 
and methods of analysis should be included. The 
investigation should identify the locations and 
probable quantities of subsurface wastes, such as 
buried drums, through the use of appropriate 
geophysical methods. 

d. Surface Water Investigation 

Conduct a program to determine the extent of 
contamination of [identify specific water 
bodies]. This process may overlap with the soils 
and sediments investigation; data from stream or 
lake sediments sampled may be relevant to surface 
water quality. A survey of existing data on 
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surface water flow quantity and quality may be a 
useful first step, particularly information on 
local background levels, location and frequency 
of samples, sampling techniques, and method of 
analysis. 

e. Air Investigation 

Conduct a program to determine the extent of 
atmospheric contamination. The program should 
address the tendency of substances (identified 
through Waste Characterization) to enter the 
atmosphere, local wind patterns, and the degree 
of hazard. 

[Note: Other categories of investigations may be 
needed for specialized site problems. These could include 
biological and radiological investigations. I 

TASK 4 - SITE INVESTIGATION ANALYSIS 
Prepare a thorough analysis and summary of all site 

investigations and their results. The objective of this 
task will be to ensure that the investigation data are 
sufficient in quality (e.g., QA/QC procedures have been 
followed) and quantity to support the feasibility study. 

The results and data from all site investigations must 
be organized and presented logically so that the 
relationships between site investigations for each medium 
are apparent. Analyze all site investigation data and 
develop a summary of the type and extent of contamination 
at the site. The summary should describe the quantities 
and concentrations of specific chemicals at the site and 
ambient levels surrounding the site. Describe the 
number, locations, and types of nearby populations and 
activities and pathways that may result in an actual or 
potential threat to public health, welfare, or the 
environment. [Specify whether a contamination, public 
health, and/or environmental assessment is to be 
conducted.] 

TASK 5 - LABORATORY AND BENCH-SCALE STUDIES 
[Note: The following applies when additional studies 

are necessary to fully evaluate remedial alternatives. 
The paragraphs may be modified to meet spec.ific project 
conditions.] 
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. .  

Conduct labora tory  and/or bench-scale s t u d i e s  t o  
determine the  a p p l i c a b i l i t y  of remedial technologies t o  
s i t e  condi t ions  and problems. Analyze the  technologies ,  
based on l i t e r a t u r e  review, vendor c o n t a c t s ,  and pas t  
experience t o  determine the t e s t i n g  requirements. 

Develop a t e s t i n g  plan ident i fy ing  t h e  t y p e ( s )  and 
g o a l ( s )  of the  s t u d y ( i e s 1 ,  the  l e v e l  of e f f o r t  needed, and 
da ta  management and i n t e r p r e t a t i o n  gu ide l ines  for  
submission t o  [ spec i fy  EPA and S t a t e  r e c i p i e n t s ]  for  
review and approval.  

r e s u l t s  t o  a s s e s s  t h e  technologies  w i t h  respec t  t o  the  
s i t e - s p e c i f  ic  ques t ions  i d e n t i f i e d  i n  t h e  t e s t  plan. 
Scale  up those technologies  se l ec t ed  based on t e s t i n g  
r e s u l t s .  

Upon completion of t h e  t e s t i n g ,  eva lua te  the t e s t i n g  

Prepare a r epor t  summarizing t h e  t e s t i n g  program and 
i t s  r e s u l t s ,  both p o s i t i v e  and negative.  

TASK 6 - REPORTS 

a .  Progress Reporting Requirements 

[Note: T h e  following paragraph a p p l i e s  when the 
SOW is being used i n  a c o n t r a c t  between t h e  S t a t e  
and an Engineer. Typical requirements a r e  
descr ibed b u t  may be,modif ied based o n  the s i z e  
and complexity of t h e  s p e c i f i c  p r o j e c t .  When t h e  
SOW is used i n  a Cooperative Agreement, t h i s  
s e c t i o n  should be replaced w i t h  repor t ing  
requirements c o n s i s t e n t  w i t h  40  CFR Pa r t  30 and 
t h e  guidance " S t a t e  P a r t i c i p a t i o n  i n  t h e  
Superfund Remedial Program," February 1984.1 

Monthly r e p o r t s  s h a l l  be  prepared by t h e  Engineer 
t o  desc r ibe  t h e  t echn ica l  and f i n a n c i a l  progress 
of t h e  p r o j e c t .  T h e s e  r epor t s  should d iscuss  t h e  
following items: 

1. I d e n t i f i c a t i o n  of s i t e  and a c t i v i t y  

2 .  S t a t u s  of work a t  t h e  s i t e  and progress  
t o  d a t e  

3.  Percentage of completion and schedule 
s t a t u s  
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4 .  

5 .  

6 .  

7. 

8.  

9. 

10. 

11. 

Difficulties encountered during the 
reporting period 

Actions being taken to rectify problems 

Activities planned for the next month 

Changes in personnel 

Actual expenditures (including fee) and 
direct labor hours expended for this 
period 

Cumulative expenditures (including fee) 
and cumulative direct labor hours 

Projection of expenditures for 
completing the project, including .an 
explanation of any significant 
variation from the forecasted target 

A graphic representation of proposed 
versus actual expenditures (plus fee) 
and comparison of actual versus target 
direct labor hours. A projection to 
completion will be made for both. 

The monthly progress report will list target and 
actual completion dates for each element of 
activity, including project completion, and will 
provide an explanation of any deviation from the 
milestones in the work plan. 

b. Final Report 

Prepare a final report covering the remedial 
investigation and submit [specify number and 
distribution] copies to [specify EPA and State 
recipients, as appropriate]. The report shall 
include the results of Tasks 1 through 5, and 
should include additional information in 
appendices. The report shall be structured to 
enable the reader to cross-reference with ease. 
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TASK 7 - COMMUNITY RELATIONS SUPPORT 
[Note: The following paragraph applies when community 

relations support is conducted under the work covered in 
this SOW (e.g.? under a Cooperative Agreement). The 
paragraph may be modified to meet specific site or project 
conditions.] 

The Engineer may be required to furnish the personnel, 
services? materials? and equipment to undertake a 
community relations program. Although this may be a 
limited program, community relations must be integrated 
closely with all remedial response activities. The 
objectives of this effort are to achieve community 
understanding of the actions taken and to obtain community 
input and support prior to selection of the remedial 
alternative(s). 

Community relations support should include, but may 
not be limited tor the following: 

Revisions or additions to community relations 
plans, including definition of commuriity 
relations program needs for each remedial activity 

Analysis of community attitudes toward the 
proposed actions 

Preparation and dissemination of news releases, 
fact sheets, slide shows? exhibits, and other 
audio-visual materials designed to apprise the 
community of current or proposed actions 

Establishment of a community information center 

. Arrangements of briefings, press conferences, 
workshops, and public and other informal meetings 

Assessment of the successes and failures of the 
community relations program 

Preparation of reports and participation in 
public meetings, project review meetings, and 
other meetings as necessary to the normal 
progress of the work 

subcontractors, if needed. 
. Solicitation, selection? and approval of 
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A l l  community relations support must be consistent with 
Superfund community relations policy, as stated in the 
"Guidanc,? for Implementing the Superfund Program" and 
Community Relations in Superfund -- A Handbook. 
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